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NUTROPIN DEPOT™ [somatropin (rDNA origin) for injectable suspension]

13. PATENT INFORMATION ON ANY PATENT WHICH CLAIMS THE DRUG

Nutropin Depot™ falls within the scope of the claims of the patents described in the
table below. Copies of these patents are appended to this section.

Patent No. Expiry Date Patent Type Patent Owner Patent Agent
US 5,656,297 July 25, 2014 Pharmaceutical Composition, Alkermes Controlled  Hamilton, Brook,
Method of Use Therapeutics, Inc.  Smith, and Reynolds
US 5,654,101 August §, 2014 Compoasition and Alkermes, Inc. Hamilton, Brook,

Method of Use Smith, and Reynolds | -

Patent Nos. US 5,656,297 and US 5,654,101 cover the formulation, composition, and or
method of use of Nutropin Depot. This product is the subject of this application for

which approval is being sought..
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therapeutically effective blood level of biologically active,
pobn-aggregated hGH in a subject for a sustained period. In
this method. a subject is administered an effective dose of
the sustained release composition of the present invention.
The method of using the sustained release composition of
the present invention comprises providing a therapeutically
effective blood level of biologically active. non-aggregated
human growth hormone in a subject for a sustained period
by administering to the subject a dose of said sustained
release composition. :
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COMPOSITION FOR SUSTAINED RELEASE
OF HUMAN GROWTH HORMONE

RELATED APPLICATIONS
This application is a Continuation-in-Part of U.S. patent
application Ser. No. 07/984323. filed Dec. 2. 1992. now

abandoned. which is incorporated herein by reference in its
eatirety.

BACKGROUND OF THE INVENTION

Human growth hormone (hGH) is a protein secreted by
the pituitary gland and which can be produced by recombi-
pant genctic engincering. hGH will cause growth in all
bodily tissues which are capable of growth.

hGH is typically used to weat patieats suffering from
hypopituitary dwarfism. Currently. aqueous hGH is admin-
istered as a subcutaneous bolus three times a week or once

15

daily to patients to maintain suitable serum levels of hGH.

For patients chronically receiving hGH. the frequent ipjec-
tons result in patieat compliance problems.

To resolve the problems associated with repetitive injec-
tions of aqueous hGH. attempts have been made to formu-
late conurolled release devices coataining higher doses of
hGH than a bolus injection. cacapsulated within a polymeric
matrix wherein the hGH would be released in vivo over a
period of about a week or more.

However. these controlled release devices often exhibited
high initial bursts of hGH relcase and minimal hGH release
thereafter. Further. due to the high concentration of hGH
within these controlled release devices. the hGH molecules
have tended (0 aggregate after several days to form aggre-
gated hGH which is immunogenic in vivo and h'kdy has
reduced biological activity. -

Therefore. a need exists for a means for sustaining the
reicase of biologically active hGH in vivo without causing
an immuoe system responsc ova thc release period of the
hGH.

SUMMARY OF THE INVENTION

This invention selates to a composition. and methods of
forrring and using said composition. for the sustained
relcase of biologically active. stabilized human growth hor-
mone (hGH). The sustained release’ composition of this
. inveption comprises a polymeric matrix of a biocompatible
polymer and particies of biologically active, stabilized hGH.
wherein said particles are dupased within the biocompat-
ible polymer.

The method of the invention for forming a composition
for the sustained release of hGH. includes dissolving a
biocompatible polymsr in a polymer solvent to farm a
polymer solution. dispersing particles of biologically active.
stabilized hGH in the polymer solution. and then solidifying
the polymer to form a polymeric matrix containing a dis-
persion of said hGH particles.

The mcthod of using the sustained release coraposition of
the present invention comprises providing a tharapeutically
effective blood level of biologically active. non-aggregated
humap growth hormone in a subject for a sustained period
by administeriag to the subject a dose of said suswned
rclease composition.

The advantages of this sustained release formulation for
hGH include longer. mare consistent in vivo blood levels of
hGH..Jower initial bursts of hGH. and increased therapeutic
beaefits by eliminating fluctuatiops in serum bGH levels.

35
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The advantages also include increased paticot compliance
and acceptance by reducing the required sumber of injec-
tions. The advaotages further include the ability to use
smaller amounts of hGH compared to bolus injection regi-
men beaause serum hGH levels are maintained closer to
therapeutical thresholds.

DETAILED DESCRIPTION OF THE
INVENTION

The hurnan growth hormone (hGH) used in this invention
is biologically active hGH i its molecular (monomeric or
oon-aggregated) form. Molecular hGH is typically pos-
immunogenic.

Aggregated hGH may induce an immune response result-
ing in antibodies formed against hGH. This may compro-
mise the efficacy of long-term hGH therapy. Additionally.
apgregated hGH may stimulate ab auto-immune response to
endogenous hGH.

A sustained release of biologically active. non-aggregated
buman growth hormoae is a relcase which results in mea-
surable serum levels of biologically active. monomeric hGH
over a period longer than that obtained following direct
administation of aquoous hGH. It is preferred that a sus-
tained release be a release of hGH for a period of about a
week or more. and more preferably for a period of about two
weeks ar more.

A sustained release of biologically active. non-aggregated
bGH from a polymeric matrix can be continuous or pon-
coptinuous release with relatively coastant or varying rates
of release. The continuity of hGH released and ievel of h\GH
released cap be established by using. inter-alia. one or more
types of polymer compositions. hGH loadings. and/or selec-
tion of excipients to produce the desired effect.

Stabilized (hGH) comprises biologically active. non-
aggregated hGH which is complexed with at least one type
of multivaient metal cation. having a valency of +2 or mare.
from a metal cation component. Stabilized hGH in the
sustained release composition of the p'esenl inveation is in

particulate form.

- Suitable multivalent metal cations mcludc metal cations
contained. in biocompatible metal cation cornponents. A
metal cation component is biocompatible if the cation com-
poncot is non-toxic (o the recipient. in the quantities used.
and also presents no significamt deleterious or untoward
cffects on the recipient’s body. such as an immunological
reaction at the injection site.

Typically, the molar ratio of metal cation compopcat 10
bGH. for the metal cation suabilizing the hGH. is between
about 4:1 to about 10:1.

A preferred metal cation used to stabilize hGH is Zn”.

2 more preferréd embodiment. the molar ratio of metal
cation componcnl coptaining Zn*? cations. to hGH is about
6:1.

The sujtability of a metal cation for stabilizing hGH can
be determined by one of ordinary skill in the ant by per-
forming a variety of stability indicating techniques such as
polyacrylamide gel electrophoresis. isoelectric focusing.
reverse phase chromatography. HPLC and poiency tests on
hGH lyophilized particles containing metal cations to deter-
rine the potency of the hGH after lyophilization and for the
duration of release from microparticles. In stabilized hGH.
the tendency of hGH to aggregate within a microparticie
duriog hydradon in vivo and/ox to lose biological activity or
potency due to hydration or duc to the process of forming a
sustaiped release composition. or due to the chemical char-
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acteristics of a controlled release composition. is reduced by
compléxing at least one type of metal cation with bGH prior
contacting the hGH with a polymer solution.

Stabilized hGH is typically stabilized against significant
aggregatios in vivo over the sustained release period.

Stabilized hGH is typically stabilized against significant
aggregation in vivo over the sustained release period. Sig-
nificant aggregation is defined as an amount of aggregation
resulting in aggregation of about 15% or more of the initial
amount of encapsulated hGH monomer. Preferably. aggre-
gation is maintained below about 5% of the initial dose of
hGH monomer. More preferably. aggregation is maintained
beiow about 2% of the initial dose. -

The hGH in 2a hGH sustained release composition can also
be mixed with other excipicats. such as bulking agents or
additional stabilizing ageats. such as buffers to stabilize the
hGH during lyophilization.

Bulking agents typically comprise inert materials. Suit-
able bulking agents are known to those skilled in the art

A polymer. or polymeric matrix. suitable for the sustained
release composition of the present inveation must be bio-
compatible. A polymer is biocampatible if the polymer. and
any degradation products of the polymer. are non-toxic to
the recipient and also present no significaat deleterious or
untoward effects on the recipieat’s body. such as as immu-
pological reaction at the injection site.

The polymer of the hGH sustained release composition
must also be bidegradable. Biodegradable as defined herein.
means the composition will degrade or erode in vivo to form

smaller cherical species. Degradation can result. for ’

example, by enzymatic. chemical and physical processes.
Suitable biocompatible. biodegradable polymers include, for
example. poly(lactides). poly(glycolides). poly(lactide-co-
glycolides). poly(lactic acid)s. poly(glycolic acid)s. poly
(lactic acid-co-glycolic acid)s. polycaprolactone.
polycarbopates. polyesteramides. polyanhydrides, poly
(amino acids). polyorthoesters, polycyanoacrylates. poly(p-
dioxanone). poly(alkylene oxalate)s. biodegradable
polyurethanes. bleads and copolymers thereof.

Further. the terminal functionalities of the polymer can be
modified. For example. polyesters can be blocked.
unblocked or a blend of blocked and usblocked polymers. A
blocked polymer is as classically defined in the art. specifi-
cally having blocked carboxyl end groups. Generally. the
blocking group is derived from the initiator of the polymer-
ization and is typically an alkyl group. As unblocked poly-
mer is as dassically defined in the art. specifically having
free carboxyl ead groups.

Acceptabie molecular weights for polymers used in this
invention can be determined by a person of ordinary skill in
the an waking into consideration factars such as the desired
polymer degradation rate. physical properties such as
mechanical strength. and rate of dissolution of polyroer in
solvent. Typically. ao acceptable range of mojecular weights
is of about 2.000 Daltons to about 2.000.000 Daitons. In a
preferred emnbodiment. the polymer is a biodcgradable poly-
roer or copolyruer. In a more preferred embodirest. the
polymer is a poly(lactide-co-glycolide) (hercioafter
“PLGA™) with a jactide:glycolide ratio of about 1:1 and a
molecular weight of about 5.000 Daitons to about 70.000

35
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Daltons. In an even more preferred embodiment. the .

molecular weight of the PLGA used in the present invention
has a molecular weight of about 6000 10 about 31.000
Daltons.

The amount of hGH. which is contained in a dose of
sustained release microparticles. or in an alternate sustained

4

release device. containing biologically active. stabilized
hGH particies is a therapeutically or prophylactically efiec-
tive amounl. which can be determined by a person of
ordinary skill in the art taking into consideration factors such
as body weight. condition to be trcated. type of polymer

Aused. and release rate from the polymer.

In one.cmbodiment. an hGH sustained release cormposi-
tion cootains from about 0.01% (w/w) to about 50% (w/w)
of biologically active. stabilized hGH particies. The amount
of such hGH particles used will vary depeading upon the
desired effect of the hGH. the planned reiease levels. the
times at which hGH should be released. and the time span
over which the iGH will be relcased. A preferred range of
hGH particle loading is between about 0.1% (w/w) to about
30% (w/w) hGH particies. A more preferred range of hGH
particle loading is between about 0.1% (w/w) to about 20%
(wiw) hGH particles. The most preferred loading of the
biclogically active. stabilized hGH particies is about 15%
(whw).

In another embodiment. a hGH sustained release compo-
sition also contains a second metal cation compounent. which
is ot coatained in the stabilized hGH particies. and which
is dispersed within the polymer. The second metal cation
component preferably contains the same species of metal
cation. as is contained in the stabilized hGH. Alternately. the
second metal catiop component can contain oge or more
different specics of metal cation.

The sccond metal cation component acts 10 modulate the
release of the hGH from the polymeric marmix of the
sustaioed release composition. such as by acting as a reser-
voir of metal cations to further lengthen the period of time
ova which the hGH is stabilized by a matal caton 1o
cnhance the stability of hGH in the composition.

A metal cation component used in modulating release
typically contains at lcast one type of multivalent metal
cation. Examples of sccond metal cation components suit-
able to modulate hGH release. include. or contain. for
instance. Mg(OH),. MgCO, (such as 4MgCO,.Mg(OH)
2-5H,0). ZnCO, (such as 3Z0(OH),.2ZnC0,). CaCO,. Zn,
(CeH0,). Mg(OACL),. MgSO,. Zn(0Ac),. ZnSO,. ZaCl,.
MgCl, and Mg(C,H;0,),. A suitable ratio of second metal
cation compooent-to-polymer is between about 1:99 to
about 1:2 by weight. The optimum ratio depends upoa the
polymes and the second metal cation component utilized.

A polymeric matrix containing a dispersed metal cation
componcat to modulate the release of a biologically active
ageot from the polymeric mamix is further described in
co-pending U.S. patent application Ser. No. 08/237.057.
filed May 3. 1994, and co-pending PCT Patent Application
PCT/US95/05511. the teachings of which are incorporated
herein by reference in their eatirety.

The hGH sustained release composition of this invention
can be formed into many shapes such as a film. a peliet. 2
cylinder. a disc or a microparticle. A microparticie. as
defined herein, comprises a polymeric compooent having a
diameter of less than about one millimeter and having
stabilized hGH particles dispersed therein. A microparticle
can have a spherical. non-spherical or irregular shape. It is
preferred that a microparticie be a microsphere. Typically.
the microparnticle will be of a size suitable for injection. A
prefared size range for microparticies is from about 1 to0
about 180 microns in diameter.

In' the method of this invention for forming a composxuon
for the sustained release of biologically active. poo-
aggregated hGH. a suitable amount of pa.n.xclcs of biologi-
cally active. stabilized hGH aie dispased in a polymer
solution.

4
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A suitable polyroer solution contains between about 1%
(w/w) and about 30% (w/w) of a suitable biocom.paﬁblc
polymer. wherein the biocosmpatible pofymer is typically
dissolved in a suitable polymer solvent. Preferably. a poly-
mer solution contains about 2% (w/v) to about 20% (w/v)
polymer. A polymer solution containing 5% to about 10%
(wiw) polymer is most preferred.

A suitable polymer solveat. as defined herein. is solvent in
which the polymer is soluble but in which the stabilized
hGH particles are substantially insoluble and non-reactive.
Examples of suitable polymer solvents include polar organic

liquids. such as methyleae chloride. chioroform. cthyl

. acetate and acetone.

To prepare biologically active. stabilized hGH particles.
hGH is mixed in a suitable aqueous solvent with at Jeast one
suitable metal cation component under pH conditions suit-
able for forming a complex of metal cation and hGH.

Suitable pH conditions to form a complex of hGH typi-
cally include pH values between about 7.0 and about 7.4.
Suitable pH conditions are typically achieved through use of
an aqueous buffer. such as sodium bicarbonate. as the
solvaat.

Suitable solvents are those in which the hGH and the
metal cation component are cach at least slightly soluble.
such as in an aqueous sodium bicarbonate buffer. For
aqueous solveants. it is preferred that water used be cither
deionized water or water-for-injection (WFI).

It is understood that the hGH can be in a solid or 2
dissolved state. prior to being contacted with the metal

" cation component. It is also understood that the metal cation

component can be in a solid or a dissolved state. prior to
being contacted with the hGH. In a preferred embodiment,
a buffered_aqueous solution of hGH is mixed with an
aqueous solution of the metal cation component
Typically. the complexed hGH will be in the form of a
cloudy precipitate, which is suspended in the solveat

35

However. the complexed hGH can atso be in solution. In an -

even more prefarred embodiment. hGH IS complexed with
202

The complexed hGH is then dried. such as by
lyophilization. to form a particulate of stabilized hGH. The
complexed hGH. which is suspended or in solution. can be
bulk lyophilized or can be divided into smaller volumes
which are thea lyophilized. In a preferred embodiment. the
complexed hGH suspension is micronized. such as by use of
ap ultrasoaic pozzle. and then lyophilized to form stabilized
hGH particles. Acceptable means to lyophilize the com-
piexed hGH mixture include those known in the art.

Preferably. particles of stabilized hGH are between about
1 to about 6 micxometers in diameter. The hGH particles can
be fragmented scparately. as described in co-pending U.S.
patent application Ser. No. 08/006.682. filed Jan. 21. 1993,
which describes a process for producing small particles of
biologically active agents. which is incorporated herein in its
entirety by reference. Alternately. the hGH particles can be
fragroented after being added to a polymer solution. such as
by mecans of an ultrasonic probe or ultrasonic nozzle. In
another embodiment. a8 second mctal cation component,
which is not contained in the stabilized hGH particies. is also
dispersed within the polymer solution.

It is understood that a second metal cation component and
stabilized hGH can be dispersed into a polymer solution
sequentially. in reverse order. intermiftently. scparately or
through copcurrent additions. Alternately. a polymer. a sec-
ond metal cation component and stabilized hGH and can be
mixed into a polymer solveat sequentially. in reverse order.
interminenty, separately or through concurrent additions.

50
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The method for forming a composition for modulating the
release of a biologically active agent from a biodegradable
polymer is further described in co-peading U.S. patent
application Ser. No. 08/237.057.

In this method. the polymer solveat is then solidified to
form a polymeric matix coataining a dispersion of stabi-
lized bGH particies.

One suitable method for forming an hGH sustained
release composition from a polymer solution is the solvent
evaporation method described in U.S. Pat. No. 3.737337.
issued to Schnoring et al.. U.S. Pat No. 3.529.906. issued to
Vranchen et al.. US. Pat. No. 3.691.090. issued to Kitajirna
ctal. ar U.S. Pat. No. 4389330. issued to Tice et al. Solvent
evaporation is typically used as a method to form hGH
sustained release microparticles.

In the solvent evaporation method. a polymer solution
containing a stabilized hGH particle dispersion. is mixed in
or agitated with a continuous phase. in which the polymer
solvent is partially miscible. to form an emulsion. The
contipuous phase is usually an aqueous solvent. Emulsifiers
are often included in the contnuous phase to stabilize the
emulsion. The polymer solvent is then evaporated over a
period of several hours or more. thereby solidifying the
polymer to form a polymeric matrix having 8 dispersion of
stabilized hGH particles contained therein.

A preferred method for forming bGH sustained release
microparticles from a polymer solution is described in U.S.
PaL No. 5.019.400. issued to Gombotz et al.. and co-pending
U.S. pateot application Ser. No. 08/443.726. filed May 18.
199S. the teachings of which are incorporated herein by
reference in their entirety. This method of microsphere
formation. as compared to other methods. such as phase
separation. additionally reduces the amount of hGH required
to produce a controlled release composition with a specific
hGH conteat.

In this method. the polymer solution. containing the
stabilized hGH particle dispersion. is processed to create
droplets. wherein at least a significant portion of the droplets
contain polymer solution and the stabilized hGH particles.
These droplets are then frozen by means suitable to form
microparticles. Examples of means for processing the poly-
mer solution dispersion to form droplets include directing
the dispersion through an ultrasonic nozzle. pressure nozzle.
Rayleigh jet. or by other known means for creating droplets
from a solution.

Means suitable for freezing droplets to form roicropar-
ticles include directing the droplets into ar near 8 liquified
gas. such as liquid argon and liquid nitrogen to form frozen
microdroplets which are then separated from the liquid gas.
The frozen microdroplets are then exposed to a liquid
nop-solvept. such as cthanol. or ethanol mixed with hexane
or peatane.

The solvent ip the frozen microdroplets is extracted as a
solid and/or liquid into the non-solvent to form stabilized
hGH containing microparticles. Mixing ethanol with other
nop-solvents. such as hexane or peotane. can increase the
rate of solvent exwaction. above that achieved by ethano!
alope. from certain polymers. such as poly(lactide-co-
glycolide) polymess.

A wide range of sizes of hGH sustained release micro-
particles can be made by varying the droplet size. for
example. by changing the ultrasonic nozzie diameter. If very
large microparticles are desired. the microparticles can be
extuded through a syringe directly into the cold liquid
Increasing the viscosity of the polymer solution can also
increase microparticle size. The size of the microparticles
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can be produced by this process: for example microparticles
ranging from greater than about 1000 to about 1 microme-
ters in diameter.

Yet another method of formiag an hGH sustained release
composition. from a polymer solution. inctudes film casting.
such as in a mold. to form a film or a shape. For instance.
after putiing the polymer solution containing a dispersion of
stabilized hGH particles into a mold. the polyrer solvent is
then removed by means known in the art. or the temperature

" of the polymer solutioa is reduced. until a film or shape. with
a consistent dry weight. is obtained. Film casting of a
polymer solution. containing a biologically active ageal is
further described in co-pending U.S. patent application Ser.
No. 08/237.057. the teachings of which are mcorpontcd
hercin by reference in their eatirety.

It is believed that the release of the hGH can occur by two
different mechanisms. The hGH can be released by diffusion
through aqueous filled channels generated in the polymeric
matrix. such as by the dissolution of the hGH or by voids
created by the semoval of the polymer's solvent during the
synthesis of the sustained release composition. A secoad
mechanism is the rclcase of hGH due to degradation of the
polymer.

The rate of degradation can be controlled by changing
polymer properties that influeace the rate of hydration of the
polymer. These properties include. for instance. the ratio of
different monomers. such as lactide and glycolide. compris-
ing a polymer: the use of the L-isomer of a monorner instead
of a racemic mixture; and the molecular weight of the
polymer. These propertics can affect hydrophilicity and
aystallinity. which coatrol the rate of hydration of the
polymer. Hydrophilic excipients such as salts, carbohydrates
and surfactants can also be incorporated to increase hydra-
tion and which can alter the rate of erosion of the polymer.

By ahtering the properties of the polyrher. the contribu-

15

tions of diffusion and/or polymer degradation to hGH

release can be controlled. Far example. increasing the gly-
colide conteat of a poly(lactide-co-glycalide) polyroer and
decreasing the molecular weight of the polymer can enhance
the hydrolysis of the polymer and thus. provides an
increased hGH release from polymer erosion.

In addition. the rate of polymer hydrolysis is increased in
non-peutral pH's. Therefore. ap acidic or a basic excipient
can be added to the polymer solution. used to-form the
microsphere. to alter- the polymer crosion rate.

The composition of this invention can be administered to

43

2 human. or other animal. by injection. implantation (e.g. -

subcutancously. intramuscularly. intraperitoncally.
intracranially. intravaginally and intradermally). administra-
tion to mmucosal membranes (¢.g.. intranasally or by means
of a suppository). or in situ delivery (e.g. by enema or
acrosol spray) to provide the desired dosage of hGH based
on the known parameters for treamment with- hGH of the
vanious medical conditions.

The iovention will now be further and._ specifically
described by the followmg examples.

EXAMPLE 1

35

8

concentrations berween 0.1 and 0.5 mM hGH. A 0.9 mM
Za"? solution was prepared from deionized water and zinc
acetate dihydrate and then was added to the hGH solutions
to form a Zn**-hGH complex. The pH of the Zo**-bGH
solution was then adjusted to between 7.0 and 7.4 by adding
1% acetic acid. A cloudy suspended precipitate. comprising
Zn*?-stabilized hGH formed.

The suspension of Zo*?-stabilized hGH was then micron-
ized using an ultrasonic nozzle (Type V1A: Sonics and
Materials, Danbury. Cotn.) and sprayed into a polypropy-
lene tub (17 cro diameter and 8 cm deep) containing liquid
nitrogen to forma frozen particles. The polypropylence wb was
then placed into a —80° C. freezer until the liquid nitrogen
evaporated. The frozen particles. which contained Zn™*-
stabilized hGH. were then lyophilized to form Za*?-
stabilized hGH particles.

EXAMPLE 2

Preparation of PLGA Microspheres Containing
Biologically Active. Zn*?-Stabilized hGH

Microspheres containing Zn™?-stabilized human growth
bormone (hGH). were prepared from hydrophilic poly
(factice-co-glycolide) polymer RGS02H having free car-
boxyl end groups (hereinafter “unblocked-PLGA™) (50:50
PLGA. 9300 Daltons; Boehringer Ingelheim Chemicals.
Inc.) or a mare hydrophobic PLGA polymer baving blocked
carboxyl end groups (hercinafter “blocked-PLGA™) (50:50
PLGA. 10.000 Daltons; Lot #115-56-1. Bu'rmogham
Polymers. Inc.. Birmingham. Ala.).

The polymer was dissolved in methylene chloride at room
temperature. The lyophilized hGH particles were added to
the polymer solution and zinc carbonate was also added. The
mixture was then sonicated to give a homogeacous suspen-
sion. The suspension was atomized through a sonicating
pozzle on to a bed of frozen ethanol. overlaid with liquid
nitrogen. The vessel containing the microspheres was stored
at —80° C. to extract the methylene chloride and then

‘frecze-dried to give 8 free-flowing powder.

EXAMPLE 3

Analysis of Eacapsulated hGH Protein

The integrity of encapsulated hGH was determined by
dissolving unhydrated microspheres into methylene chloride
and aceone. collecting the protein. frecze-drying and
re-constituting in HEPES buffer containing 10 mM EDTA.
Appropriate controls were run to ensure that the extraction
process did not affect the integrity of the protein.

The integrity of the encapsulated hGH was analyzed by
measuring the percent of hGH monomer contained in the
hGH sample after epcapsulation by size exclusion chroma-
tography (SEC).

The results of SEC analyses of the hGH integrity of hGH
sustained relcase microspheres are provided below.

: .eo Formulation (polywmer; % Zinc Carb % M (SEC)
Formatiop of Zo*2-Stabilized hGH

. 31K unblocked: 6% ZaCO3 986

Huruan growth hormone (hGH). whose DNA sequence is 31K unblocked: 6% ZaCO3 9.2
described in US. Pat. No. 4.898.830. issued to Goeddel et JIzmbm; % zZ:gg :17;

i i 31K unblocked: 3% E

al. was used in this Example. Human growth hormone was 31K - 1% Zoe03 o6
stabilized by forming an insoluble complexes with zinc. 65 31K unbiocknd: 0% ZoC03 978
The hGH was dissolved in Saruples of a 4 mM sodium 31X unblocked: 0% ZaCO3 97.1

bicarbonate buffer (pH 7.2) to form hGH solutions with

6
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-contipued abseace of staining which was indicative of the presence or

Formulation (polymer. % Zinc Carbomate) % Manocer (SEC)

abseace of hGH in the sample. All skin samples. associated
with hGH microsphere injections. tested positive for the
presence of hGH thus indicating that the blocked-PLGA

10K blocked; 1% ZoCO3 982 ¢ _ i
. 10K blocked: 1% ZnCO3 . 98.4 S micospheres still contained hGH after 60 days in vivo.

€K usbiocked: 0% Z0C03 935 :

10K blocked: 1% ZaC03 984 * The method described in Example 2 was used to form

The results showed that the encapsulation process did not
cause aggregation of the protein. The yield percent protein
recovered by the extraction procedure (relative to the
amoust measured by nitrogen content of the microspheres)
ranged from about 40 to 98%.

EXAMPLE 4

Determination of the Effect of Zinc Carbonate on
In vitro Release Kinetics

The microspheres were formued as described in Example
2 and contained 15% w/w hGH (6:1 Za:hGH protcin
complex): 0%. 1%. 6%. 10% or 20% w/w zinc carbonate;
and poly(lactide-co-glycolide) polymer.

In vito release kinctics of the hGH sustained release
microsphere formulations containing various concentrations
of zinc carbonate were determined by suspending an aliquot
(10 mg) of each type of microsphere in different 1.5 m!
samples of HEPES buffer (S0 mM Hepes. 10 mM KC10.1%
NaN3) pH 7.2 and then incubating at 37° C. The amount of
protein relcased was quantitated by sampling the buffer at 1.
3. 7. 10. 14. 21. 28 days after incubation and repienishing
with fresh buffer after each sampling.

A curve of-cumulative percent relcased (relative to initial
hGH coatent in the starting mass of microspheres) versus
tre was ploted. Released protein samples from cach time
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point were assayed for hGH monomer content by- size -

exclusion chromatography.

Zinc carbonate is thought to act as a reservoir of zinc ioas
so that the formation of the Za-hGH complex is favored and
dissociation into soluble ®hGH disfavored. Because the aque-
ous solubility of zinc carbonate is low. the release of zinc
ions fram the reservoir is slow thus modulating the solubility
of the protein.

In the absence of zinc carbonate. the rate of release of the
cocapsulated hGH was very rapid and all the protein was
released in 3 very short period.

EXAMPLE S

Assay for hGH After in Vivo Degradation of
Blocked-PLGA Za™2-Stabilized hGh Microspheres

Micospheres of blocked-PLGA. containing 16% wiv
2n°*-stabilized hGH and 0%. 6%. 10% or 20% ZnCO, were
forroed by the method of Example 2. Groups of test rats were
ibjected subcutancously with 50 mg sarples of the different
hGH microspheres. The rats were .sacrificed after 60 days
and the skip samples were excised from the injection sites.

-The excised skin samples were placed in 10% Neutral
Buffered Formalin for at least 24 hours. They were then
rimmed with a razor blade to remove excess skin and placed
in PBS. Tissue samples were processed by Pathology
Associates. Inc. (Frederick. Md.). The skin samples were
ermbedded in glycomethacrylate, sectioned and assayed for
the presence of hGH using a HistoScan/1 yraphoScan Stain-
ing Kit (Product #24-408M: Accurate Chemical & Scientific
Corp.. Westbury. N.Y.) acoording to the manufacturer's
instructions. Tissue samples were scored for the prescoce or

40
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microspheres by encapsulating 0% or 15% wAv hGH. io the
form of Zo:hGH complex. and also 0%. 1% or 6% w/w
ZnCO, salt. within blocked-PL.GA aod within unblocked-
PLGA.

In vivo degradaton of unblocked-PLGA microspheres
versus blocked-PLGA microspheres were compared by
injecting samplies of microsphaes into rats and then ana-
lyzing the microspheres remaining at the injection site at
various times post-injection. Three rats were assayed at cach
time point for each microsphere sarnple. On the day of
administration of the microspheres. 750 pl of vehicle (3%
carboxymethyl cellulose (low viscosity) and 1% Tween-20
in saline) was added to vials containing 50+1 mg of micro-
spheres. Immediately. the vials were shaken vigorously to
form a suspension which was then aspxraxcd into a 10 cc
syringe without a peedie.

Rats (Sprague-Dawley males) were anesthetized with a
halothane and oxyges mixture. The injection sites
(intrascapular region) were shaven and marked with a per-

‘manent tatoo to provide for the precise excision of skin at the

sampling time poigts. Each rat was injected with an catire
vial of microspheres using 18 to 21 gauge needles.

On designated days (days 15. 30. 59 and 90 post-injection
for animal receiving blocked-PLGA microspheres. or days
7. 14, 21. 28 and 45 post-injection for animals receiving
uanblocked-PLGA microspheres the rats were sacrificed by
asphyxiation with CO, gas and the skin at the injection sites
(including microspheres) was exdsed. Since the micro-
spheres tended to clump at the ipjection sites. the presence
or absence of microspheres was determined visually.

The visual inspections found that the unblocked-PLGA
microspheres degraded substantially faster than the blocked-
PLGA microspheres. and that the addition of ZoCO, to the
blocked-PLGA substantially slowed polymeric degradation.
For example. in the rats injected with unblocked-PLGA
microspheres containing 0% hGH and 0% or 1% ZoCO,. no
microspheres were visible on day 21. In addition. for rats
injected with blocked-PLGA microspheres coataining 0%
hGH and 0% ZoCO,. a few microspheres were visible on

day 60 and pone were visible on day 90. Furthermore, for -

rats injected with blocked-PLGA microspheres containing
0% or 15% hGH and 6% ZoCO,. microspheres were visible
on day 90.

EXAMPLE 6

Is Vivo Pharmacokinetic Studies of hGH Sustained
Relcase Microspheres in Rats

Studies were conducied in rats to screen various hGH
microsphere formulations. determine pharmacokinetic
parameters following intravenous (IV). subcutaneous (SC)

and SC osmotic pump (Alzet) administration of hGH. and to

evaluate serum profiles and in vivo release rate various hGH
microsphere formulations.

Spraguc-Dawley rats were divided into groups of three
cach. rapdomized by body weight. and ope hGH micro-
sphere formulation was administered to cach group. Rats
were injected subcutancously with approximately 7.5 mg
hGH in S0 mg of microspheres. suspended in 0.75 ml of an
aqueous injection vehicle. The vehicle composition was 3%
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CMC (low viscosity). 1 Polysorbate 20. in 0.9% NaQl. The
microsphere dose delivered was determined indirectly by
weighing the residual dose in the injection vial and cotrect-
ing for residual injection vehicle. The hGH dose was then

computed from the protein loading of the microspheres s

determined by nitrogen analysis.

Blood samples were collected at pr:-daamned intervals
for up to 10 days after injection. Blood sampies of 250 ul
were collected during the first 24 hours and at least 400

at time points after 24 hours. Blood samples were cloted 10

and hGH concentrations in serum were determined usmg a
radio-imrouno assay (RIA) kit from ICN.

For the determination of pharmacokinetlic parameters.
hGH in salioe was administered to rats by subcutaneous
bolus ipjection. intravenously or delivered via an osmotic
purnp (Alzet Model 2MI A} which was iraplanted subcuta-
neously.

Three groups of rats received single subcutaneous injec-
tions of hGH in 0.9% Na(l at 0.5 or 7.5 mg/kg at a dose
volume of 1.0 ml/kg and two groups received single intra-
venous bolus injections of hGH in 0.9% Na(l solution at
about 1.0 mg and 5.0 mg of hGH per kg rat with a dosc
volurne of 1.0 ml/kg. For the Alzet pump study. rats were
divided into four groups of three rats each. randomized by
body weight and dosed with about 20 mg/mi and 40 mg/m!
bGH in 0.9% saline solution loaded into purnps.(Alzet

‘Model 2002. 200 pl. 14 days releasc). and with about 4

mg/ml and 12 mg/ml hGH in 0.9% saline solutiza loaded
into pumps (Alzet Model 2MILA. 2 ml. 28 days release).
Expected relcase rates from the pumps correspoad to about
2% and 4 10 6% of the dose (about 15 mg/kg) per day.
respectively. The Alzet purops were implanted subcutane-
ously in the inter-scapular region after soaking for 1-2
niinutes in sterile saline.

The formulations of hGH sustained relcase microspheres,
synthesized as described in Example' 2 contained 15% w/w
hGH cornplexed with Zn in a ratio of 6:1 Za:hGH:; 0%. 1%.
3% or 6% w/w zinc carbonate; and 8K unblocked PLGA. .

10K blocked PLGA or 31K usblocked PLGA. To evaluate

the various hGH sustained release formulations, Cinax. CdS
and Cmax/CdS were the in vivo indices used. where Cmax
is the maximum serum concentration observed. and CdS is
the scrum concentration at day 5 which should approximate

- the steady state conceatration. The results were as follows:
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formulations than with the original formulation which sug-
gested that the jr vivo ‘burst’ may be lower with the
unblocked polymer forraulations. The ‘burst’ was defined as
the percent of hGH released in the first 24 hours after
injection. The ib vitro ‘burst’ values were between 8-2%.
The zinc corbonate coatent of the formulations did not
appear to have an effect on the “burst’ or the in vitro release
profile. The serum concentrations between days 4 and 6
were maintined at a fairly constant Jevel above baseline (or
the pre-bleed levels) with the unblocked polymer
formulations. while serum concestrations with the blocked
formulations. at the same time points were close to the
baselioc levels. The in vitro release data for up to 7 days
showed that the released hGH protein was mopomeric.
Useful data could not be obtained beyond day 6 because of
anti-hGH asntibody formulation in the rats.

EXAMPLE 7

Rhesus Monkey Pharmacokinetics Study

The objective cf this primate study was to evaluate the
pharmacokinetic profiles of different hGH sustained release
formulations as compared to more traditional methods of
administering hGH (e.g.. bolus sc injections. daily sc injec-
tions and sc injection combined with the use of an osmotic
pump) and 10 derermine which hGH sustained release for-
mulatin gave the optimal hGH blood concentration profile.

The formulations for the hGH sustained release micro-
sphe-ss tested were 1) 15% hGH (complexed with Zn at a
6:1 Zn:hGH ratio). 6% w/w 2inc carbonate and 10K blocked
PLGA: 2) 15% hGH (complexed with Zo at a 6:1 Zo:hGH
ratio). 1% w/w zinc carbonate and 8K unblocked PLGA
(“RGS502H" PLGA polymer); and 3) 15% hGH (complexed
with Zn at 8 6:1 Zo:hGH ratio). 1% w/w zinc carbonatc and
31K uablocked PLGA (“RGSQ3H™ PLGA polymer).

*There were four monkeys per group and cach animal
received a single subcutapeous injection into the dorsal
cervical region on Day 1. A dose of 160 mg of bGH
sustained relcase microspberes (24 mg of hGH) was admin-
istered to each monkey in 1.2 ml of injection vehicle through
a 20 gauge needle. The injection vehicle was an aqueous
vehicle containing 3% w/v Carboxymethyl Cellulose
(sodium salt). 1% v/v Tween 20 (Polysorbate 20) and 0.9%
sodium chlaride.

% .
R ‘Burst’ s Mooomer Cay s

Farmulation viro (%) Day? Cmax (ng/ml) (ng/ml) Cmas/Css
8K unblocked PLGA 0% ZoC03 220209  993¢ 32332986 041142 1951106
8K undlocked PLGA 1% ZoCO) 164216 9.3 30901 67.) 2041142 ¥S5S2172
€K unblocked PLGA 3% ZnCO3 159269 987 6708 £ 444 90242 482026
8K unblocked FLGA 6% ZoCO3 1761227 9.3 3580t 389 188 ¢ 147 424268
3)K umblocked PFLGA 0% ZoCO3 1231 1] 98.2 592 £ 3182 45215 13251479
3IK unblocked PLGA 1% ZoCO03 114113 ¥ 3 4327916 51203 B4l % 249
31K unblocked PLGA 3% ZaCO3 19219 94 643.6 £ 2039 80226 9332620
31K unblocked PLGA 6% ZoCO3 158205 98 16918 3400r 66108 262218S
10K unblocked PLGA 1% ZoCO3 1272 0.4 93 6159 £ 3843 45+ 10 15501 1268
10K blocked PLGA 3% ZoCO3 18.1 £ 3.2 9.6 1053.21 2933 36208 2°1727.41
10K blocked PLGA 6% ZnCO3 99+t 14 9o 1743.5 ¢ 4284 49+ 27 516123616

*Valee obramed from duplicate batch of the same formulation.

The results of the screening showed that the two-
usblocked polymers 8K and 31K had differcat in vivo

release kinetics compared to the ariginal formulation. Which 6S

used blocked 10K PLGA and 6% zinc carbonate. Cmax

-values were generally lower with the unblocked polymer

8/hGH: 13.doc

The hGH dose was intended 1o provide measurable hGH

serum concentrations for pharmacokinctic analysis. To
obtain pharmacokinctic parameters additional study groups
of four monkeys each were included. specifically 1) a single
subcutancous injection (24 mg hGH). 2) daily subcutaneous
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injections (24 mg/28 days=0.86 mg hGH/day). 3) a subcu-
aneous injection (3.6 mg hGH) corbined with an Alzet

osmotic pump (20.4 mg bGH)(total dose of 24 mg hGH).

and 4) a subcutancous injection of the injection vehicle as a
control (oaly used 3 moakeys far the vehide coatrol group).

Blood samples were collected at the following times for
hGH. IGF] and anti-hGH antibody analyses: ~7. -5, -3 days
pre-dose and. 0.5. 1. 2. 3. 5. 8. 10. 12. 24. 28, 32 and 48
hours. 5. 4. 6. 8. 11, 14, 17. 20. 23. 26. 29. 32, 25. 28. 41.
44, 47. 50. 53. 56 days post-dose.

The concentrations of IGF-1 and hGH in the serum were
then measured. An IRMA kit from RADIM (distributed by:
Wein Laboratories. PO. Box 227. Succasuana. NJ.) was
used to quantify hGH in moakey saqum. The IRMA assay
had a limit of quantification in PBS buffer of 0.1 ng/mL and
in pooled juvenile rhesus moakey serum of 1.5 ng/ml. with
a basal GH level of about 4 ag/ml

The results showed that the hGH sustained release micro-
spheres were releasing significant. sustained levels of hGH
over a onc mounth period while the subcutancous injections
were not able 1o maintain the same serum levels.

The IGF-1 serum profile showed that serurn IGF-1 con-
centrations were elevaied above the baseline values berween
days 2 and 29 after administering the microparticles. This
shows that enough hGH was being released from the hGH
sustained relcase microspheres 10 cause a pharroacodynamic
effect. This also indicates that the hGH released was bio-
logically active which suggest that the encapsulation process
had not adversely affecied the biopotency of hGH.
EQUIVALENTS

Those skilled in the art will recognize. or be able to
ascertain using no more than routine experimentation, many
cquivalents to specific embodiments of the invention
described spec:ﬁcal.ly herein. Such cquivalents are intended
to be encompassed in the scope of the following claims.

The invention claimed is:

1. A compositon for thc sustained relcase of human
growth harmone from a polymeric matrix. corprising:

a) a biocompatible polymer; and

b) particles of metal cation-complexed buman growth

hormone. wherein said particles are dxspc:scd within
the biocompatible polymer.

2. A sustained release composition of claun 1 wherein the
biocompatible polymer is selected from the group consisting
of poly(lactides). poly(glycolides). poly(lactide-co-
glycolides). poly(lactic acid)s. poly(glycolic acid)s. poly
(lactic acid-co-glycolic acid)s. polycaprolactone,
polycarbonates. polyesteramides. polyanhydrides. poly

3s
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(amino acids). polyorthoesters. polycyanoacrylates. poly(p-
dioxanone). poly(alkylene oxalate)s. biodegradable
polyurethanes. bleads and copolymers thereof. .

3. A sustained release composition of clair 2 wherein said
polyreer comprises poly (lactide-co-glycolide).

4. A sustained release composition of claim 1 whercin the
metal cation-complexed human growth hormone contains a
multivalent metal cation compopeat

§. A sustaiged release composition of claim 4 wherein the
metal cation component contains Zn*2,

6. A sustained release composition of claim 1 further
comprising & second metal cation componcat. wherein the
second metal cation compoaent is not complexed to said
human growth hormone. and wherein the second metal
cation component is dispersed within the biocompatible
polymer 10 modulate the reiease of hurnan growth hormone
from the polymeric matrix.

7. A composition for the sustained relcase of human
growth hormone from a polymeric matrix. comprising:

1) poly(lactide-co-glycolide),

b) particles of zinc-complexed human growth hormone.

with a zinc-to-human growth hormone molar ratio

between 4:1 and 100:1. wherein said particles are
dispersed within the poly(lactide-co-glycolide. and
wherein the proportion of human growth hormone in
the sustained release composition is between 10 20d 30
weight perceot: and

¢) a second metal cation component. wherein the second

metal cation compoaent is Bot complexed to said
hwmnan growth harmone. and wherein the second metaj
cation compoaent is dispersed within the polymeric
matrix at a concentration of at least about 1% by weight
of polymer.

8. A sustained release composition of claim 7 wherein the
particies of zinc-complexed human growth hormone also
contain sodium bicarbonate.

9. A method for providing a therspeutically effective
blood level of biologically active. non-aggregated human
growth hormone in a subject for a sustained period. com-
prising administering 10 the subject a dose of the sustained
release composition of claim 1.

10. A sustained release composition of claim 7 wherdin
said sccond metal cation component is zinc carbonate.

11. A sustained release composition of claim 10 wherein -

said zinc carbopate is dispersed within the polymeric matrix
a1 a conceatration of at least about 3% by weight of polyrmer.

9
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MODULATED RELEASE FROM beads. and ¢) PLGA containing carbon black. illustrating the
BIOCOMPATIBLE POLYMERS effect of glass beads and carbon black on PLGA film water
absorption.
RELATED APPLICATIONS FIG. 2 is a plot of percent water uptake (%ow/w) as a3

This is a continuation-in-part of U.S. patent application
Ser. No. 07/849.754. filed Mar. 12, 1992. pow abandoned the
teachings of which are hereby incorporated by reference.

BACKGROUND

Many illnesses or conditions require a constant level of
medicaments or agents in vivo to provide the most effective
" prophylactic. therapeutic or diagnostic results. In the past.
medicaments were given in doses at intervals which resulted
in fluctuatng medication levels.

Attempts to control and stecady medication levels have
more recently included the use of many biodegradable
substances. such as poly(lactide) or poly(lactide-co-
glycolide) microspheres containing the medicamcot The

10

fusction of hydration time in 10 mM HEPES for the
foliowing polymer films: a) blank PLGA. b) PLGA contain-
ing 2% MgCO0,. ¢) PLGA conuining 5% MgCO,. d) PLGA
containing 10% MgCO,. ¢) PLGA cootaining 15% MgCO,.
and f) PLGA containing 30% MgCO,. illustrating the effect
of MgCO, at differcat concentrations on PLGA film water
absorption. .

FIG. 3 is a plot of percent water uptake (%w/w) as a

. function of hydratioa time in S0 mM PBS for the following

15

polymer fims: a) blank PLGA. b) PLGA contaising 5%
Mg(OH),. ¢) PLGA containing 10% Mg(OH),. and d)
PLGA containing 20% Mg(OH),. illustrating the effect of at
different concentrations on PLGA film water absorption.
FIG. 4 is a plot of percept water uptake (%ew/w) versus
hydration time in 50 mM PBS for the following polymer

use of these microspheres provided an improverent in the 20 films: a) blank PLGA and b) PLGA. containing 10% ZaCO,.
controlled release of medicaments by utlizing the inherent illustrating the effect of ZnCO, on PLGA filrn water absorp-
biodegradability of the polymer to improve the release of the tion.
medicament and provide a more m“-h controlled level of FIG. § is a plot of percent water uptake (%wAv) versus
medication. However. in some cases. biodegradable poly- - hydration time in 10 mM HEPES for the following polymer
mers under in vivo conditions can have an initial level of 25 f)ms: a) blank PLGA and b) PLGA. cootaining 5%
o o i o boanily dopate o By M A e e 93 of M(OAG) 0 FLOA
e draa 1 water absarption.
Toarfore, & nesd exis for 3 means of modlatnh B¢y, 10, & 15 3 It of percent watr uptake (%) versus
. h g ydration time 10 ar the following polymer
conwoled recae of medicancas from . blodeaiale 20 s blaok PLGA nd ) PLGA. conainiag 5% 22(0A)
: . tra ect
release and to provide longer periods of fairly consisteat :bsousm“o:ng of Zo(OAc); on A film water
medicament Telease levels in vivo. FIG. 7 is a plot of percent water uptake (%w/w) versus
SUMMARY OF THE INVENTION 55 Ghmer ) back FLOA and b) PLGA. coniang 15%
The present invention relates to 8 composition for the MgSO,. illustrating the effect of MgSO, on PLGA film
modulated reicase of a biologically active agent. The com- water absorption.
ppsiu’op comprises a biocomPadt!lc polymc.n'c mamx a F]G: 8 .5 2 Elo‘ of percent water uptake (%\p‘w) versus
biologically active agent which is dispersed within the  hydration time in 10 mM HEPES for the following polymer
potyroeric matrix. and a metal cation componeat which is ™ films: a) blank PLGA and b) PLGA. containing 10% ZaSO,.
:Ea'r::g :;;%?Cd vnﬁ;l:n:he Polymc:!;‘ :n::u“::?tlgz illusating the effect of ZaSO, on PLGA film water absorp-
compo reodulate tioa.
biologically active ageat from the polymeri€ matrix. . FIG. 9 is 8 plot of molecular weight as a function of
N The &mem mvent;on also relates to a method for modu- . hydration time in 10 mM HEPES for the following polyrer
ting the release of a.biologically active agent from a ~ films: 2) blank PLGA. b) PLGA conuining 10% MgCO,.
pplym:nc matrix. ‘comprising the steps of dissolving a and c) PLGA containing 20% MgCO,. illustrating the effects
l>x¢I>::Zrnpan’gl:l polymcrtnf :ﬁ solvgt to faJln a 'polym:r ::ol MgCO, at ;‘.\B;'tm concentrations on the changes in
solution and also scparately dispersing a metal cation com- ecular weight of PLGA films due to hydration.
poneant and a biologically active agent within said polymer ., FIG. 10 is a piot of molecular weight as a function of
sollunon-_ The polymer solution is then solidified to r‘c--m‘:f hydration time in 10 mM HEPES for the following polymer
polymeric matrix. wherein at least a significant portion o filrs: a) blank PLGA. b) PLGA containing 10% ZaCO,. a0d
the xpcul cation component is dx.fpcrsed in the polym:nc ¢) PLGA coptaining 20% ZnCO,. illustrating the effects of
:hambsctp:mdal from the bxdosxaﬂw pr:::l ad 750, at different concentrations on the changes in molecu-
creby the metal cation compoaeat tes case o 1ar weight of PLGA films due to hydration.
of .::: bijIOgICfxlly ;:v‘em asc‘:t from the ro;yo!:m:u mﬂ: FIG. 11 is a plot of molecular weight (Mw) as a function
is invention vantage © ulatiog the  of hydration time in 10 mM HEPES for the following
reicase of a biologically active agent in vivo from a biode- polymer filrs: a) blank PLGA and b) PLGA coptaining 10%
gradable polymer. thereby enhancing the cogtrol of the level Mg(OAc),. fllustrating the effects of Mg(OAc), on the
9[ p.mphylaaic. thcr:npcutic mq diagngsl.ic agenls relcased ¢ molecular weight of PLGA.
in vivo and lengthening the period during which controlled FIG. 12 is a plot of glass wansition temperature (Tg) as 2
reicase can be maintained for a single dosc. function ‘of hydration time in 10 mM HEPES for the
following polymer filrus: a) blank PLGA. b) PLGA contain-
BRIEF DESCRIPTION OF THE DRAWINGS : .
: ing 10% MgCO,. and c¢) PLGA containing 20% MgCO,.
FIG. 1 is a plot of percent water uptake (%w/w) as a 63 illustrating the effects of MgCO, at different concentrations

function of time in 10 mM HEPES for the following
polymer films: 2) blank PLGA. b) PLGA containing glass

op the changes in the glass rapsition temperature of PLGA
due to hydraton.
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FIG. 13 is a plot of glass ransition temperature (Tg) as a
function of hydratios time in 10 mM HEPES for the
following polymer films: 2) blank PLGA. b) PLGA contain-

- ing 10% ZnCO,. and c) PLGA containing 20% ZaCOB.

iliustrating the effects of ZoCO, at different concentrations
on the changes in the glass wansition temperature of PLGA
due to hydration. :

FIG. 14 is a plot of glass transition temperature (Tg) as a
function of hydration time iz 10 mM HEPES for the
following polymer films: a) blank PL.GA and b) PLGA
containing 5% Mg(OAc),. illustrating the effccts of
Mg(OAc), on the changes in glass traasition temperature of
PLGA duc to hydration.

FIG. 1S is a piot of percent weight loss as a function of
hydration time in 10 mM HEPES for the following polymer
films: a) blank PLGA. b) PLGA containing 5% MgCO,. c)
PLGA containing 10% MgCOB. and d) PLGA conuining
15% MgCO,. illustrating the effects of MgCO, at differcunt
cogcentrations on the degradation of PLGA due to hydra-
tos.

FIG. 16 is a plot of the cumulative percent release of
RNase-A in 10 mM HEPES from PLGA microspheres
coptaining 10% RNasc-A and either 0% Mg(OH), or 10%
Mg(OH),. illustrating the effects Mg(OH), oo RNase-A
release kinetics from PLGA microsphieres due to hydration.

FIG. 17 is a plot of the cumulative percent release of
RNase-A in 10 mM HEPES from PLGA microspheres
cootaining 10% RNase-A and either 0% ZnCO,. 5% ZaCO,.
10% ZnCO,. or 15% ZaCO,. illustrating *he effects ZnCO,
op RNase-A release kinetics from PLGA microspheres duc
to bydration. .

FIG. 18 is.a plot of the cumulative percent release of

adrenocarticotropin hormoone (ACTH) in S0 mM PBS from

PLGA microspheres containing 10% ACTE and either 0%
MgCO, or 15% MgCO,,. illustrating the effects MgCO, on
ACTH release kinctics from PLGA microspheres due to
hydration.

DETAILED DESCRIPTION OF THE
INVENTION .

A modulated release of a biologically active agent. as
defined herein. is a release of a biologically active agent
from a biocompatible polymeric matrix coptaining a dis-
persed metal cation component which is separate from the
biologically active agent. In a modulated release, at least one
release characteristic: such as initial release level of said
agent. subsequent agent release levels. the amount of agent
released and/or the extent of the release period. are changed
from the release characteristic(s) dernonstrated for said
biologically active agent from a polymeric matrix not con-
taining a dispersed metal cation component.

A polymer of the polymeric matrix of this composition is
a biocompatible polymer which can be either a biodegrad-
able or non-biodegradable polymer. ar bleads or copolymers
thereof. _ )

Biodegradable. as defined herein. means the composition
will degrade or erode in vivo to form smaller chemical
species. Degradatioa can result. for example. by enzymatic,
chemical and physical processes. Suitable biocompatible.
biodcgradable polymers include. for example. poly(lactide)
s. poly(glycolide)s. poly(lactide-co-glycolide)s.
polyanhydrides. polyorthoesters. polyetheresters.
polycaprolactone. polyesteramides, blends and copolymers
thereof.

Biocompatible. nop-biodegradable polymers suitable for
the modulated release composition of this invention include

4

non-biodegradable polymers selected from the group con-
sisting of polyacrylates. polymers of ethylene-vinyl acetates
and other acyl substituted cellulose acetates. non-degradable
polyurethanes. polystyrenes. polyviny! chlaride. polyvinyl
fluoride. poly(vinyl imidazole). chlorosulphonate
polyolefins, polyethylese oxide. blends and copolymers
thareof. . -

A polymer. or polymeric matrix. is biocompatible if the
polyrer. and any degradation products of the polymer. are
BOD-toXic to the recipient and also present no significant

- deleterious or untoward effects on the recipient’s body.

ss

6
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Acceptable molecular weights for polymers used in this
invention can be determined by a person of ordinary skill in
the art taking into consideration factors such as the desired
polymer degradation rate. physical properties such as
mechapical strength. and raie of dissolution of polymer in
solvent. Typically. an acceptable range of molecular weights
is of about 2.000 Daltons to about 2.000.000 Daltons. In a
preferred embodiment. the polymer is a biodegradable poly-
mer or copolymer. In a mare prefered embodiment. the
polymer is a poly(lactide-co-glycolide) (bercinafter
“PLGA") with a lactide:glycolide ratio of about 1:1 and a
molecular weight of about 5.000 Daltoas to about 70.000
Dalions. In an even more preferred embodiment. the
molecular weight of the PLGA used ip the present invention
has a molecular weight of about 5.000 Daltons to about
42.000 Daltoas

A biologically active agent. as defined herein. is an agent
which possesses therapeutic. prophylactic or diagnostic
properties in vivo. Examples of suitable therapeutic and/or
prophylactic biologically active agents include proteins.
such as hormones. antigens. growth factors. etc.; pucleic
acids. such as antiscnse molecules; and small molecules.
such as antbiotics. steroids. decongestants. neuroactive
agents, anesthetics and sedatives. Examples of suitable
diagnostic and/or therapeutic biologically active agents
indude radioactive isotopes and radiopague ageats.

In the modulated reicase composition of the preseat
invention. an effective amount of particles of a biologically
active agent is dispersed within a polymeric matrix. An
cflective amount of a biologically active agent is a
therapeutically. prophylactically or diagnostically effective
amoint. which can be determined by a person of ordinary
skill in the art taking into consideration factors such as body
weight; age; physical condition; therapeutic. prophylactic or
diagnostic goal desired. type of agent used. type of polymer
used. initial burst and subsequeat release levels desired. and
release rate desired. Typically. & polymeric matrix for modu-
lating the release of & biologically active agent will contain
from about 0.01% (w/w) biologically active agent 1o about
50% (w/w) biologically active agent. by weight.

In ooc embodiment. a biologically active agent is a
protein. Prefered proteins for inclusion in a modulated

‘release’ composition ‘include, for example. pucleases,

erythropoietin. human growth hormone. interferons.
interleukins. tumor mecrosis factar. adrenocorticotropic
hamone. growth factors. and colony-stimulating factors.

A modulated controlled release composition may also
cobntain more than onc biologically active agent. for
instance. two different proteins. such as erythropoictin and
granulocyte-macrophage colooy-stimulating factor.

A metal cation component. as defined herein. is a com-
ponent containing at least one kind of multivalent metal
cation in a non-dissociated state. a dissociated state. or a
combination of noo-dissociated and dissociated states. Suit-

able metal cation componceats include. for insuace. metal -
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5 .
salts. metal hydroxides. and basic (pH of about 7 or higher)
salts of weak acids wherein the salt contains a metal cation.
It is preferred that the metal cation be divalent.

In the modulated release composition of ‘the present
invention. a suitable copcentration of o metal cation com-
ponent is dispersed within a polymer matrix. A suitable
concentration of a metal cation compogent is any concen-
tratioa of a metal cation component which will modulate the
release of a biologically active agent fromm a polymeric
mauix. In one embodiment. suitable proportions of a metal
cation component to be dispersed in a polymer is between
about 2% (w/w) to about 30% (w/w). The optimum ratio
depends upon the polymer. the metal cation component and
the biologically active agent utilized. In a preferred
embodiment. suitable amounts of a metal cationp component
to be dispersed in a polymer is between about 5% (wiw) 1o
about 20% (w/w).

In one erobodiment. the metal cation component is sub-
stantially insoluble in aqueous fluids. Substantial insolubil-
ity in aqueous fluids, as defined herein meaas that the retal
cation component is generally not soluble. or is of low
solubility. in water or fluids. such as PBS. HEPES or
alimentary track fiuids. Examples of suitable insoluble ruetal
cation components include. or conmtain. for instance,
Mg(OH),. MgCO, (such as 4MgCO,-Mg(OH),-SH.0).
ZaCO, (such as 3Zo(OH),-2ZaCO,). CaCO, and Zn,
(CcHs0Oy), (hereinafter zinc citrate).

In ap alterpate embodiment. the metal cation component
is substantially soluble in aqueous fluids. Substantial solu-
bility in aqueous fluids. as defined herein means that the
metal cation component is generally soluble in water or
fluids. such as PBS. HEPES or alimeatary track fluids.
Suitable soluble metal cation componeats include. ar can
contain. for example. Mg(OAc),. MgSO,. Zn(OAc),
ZaS0,. ZnoCl,. MgCl, and Mg,(CcH,0,), (hereinafier mag-
pesium citrate).

In onc embodiment of the method for modulating the
release of a biologically active agent from a polymeric
matrix, a suitable polymer is dissolved in a sotvent to form
a polymer solution. Examples of suitable solvents include.
for instance, polar -organic solvents such as methylene
chloride. chloroform. tetrahydrofuran. dirocthyl sulfoxide
and hexafiuoro-isopropanol

Particles of at least one metal cation canponenl are thea
dispersed within the polymer solution. Suitable means of
dispersing a rctal cation component within a polymer
soluton include sonication, agitation. mixing and homog-
enization. It is understood that a metal cation component can
be added diréctly to the polymer solution as a solid. pref-
ereptially in particulate form. wherein the metal cation
component will cither then be suspended as solid particies
dispersed within the polymer solution or the metal cation
component will then dissociate within the polymer solution
to form free metal cations. It is also understood that. before
additon to a polymer solution. a metal cation component
can be suspended as solid particles or dissolved in & sccond
solvent. wherein the second solvent is then added to the
polymer solution. A second solvent is suitable if it is the
same solvent as the polymexr's solveat. ar if the seécond
solvent is miscible with the polymer's solveot and the
polymer is soluble in the second solvent. An example of 2
suitable second solvent is acetooe.

In another embodiment. a metal cation component can be
suspended or dissolved in a solvent. after which. a suitable
polyraer is then dissolved in said solvent

At least one biologically active agent is also added to the
polymer solution separately from the additios of the metal

s
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cation componest. metal cation component suspension. of
metal cation component solution. In one embodiment. the
biclogically active agest is dissolved in a solvenat. which is
also suitable for the polymer. and then mixed into the
polymer solution.

It is to be ynderstood that a mctal cation component and
a biologically active agent cao be added to the polymer
solution sequeatially. in reverse order. intermitiently or
through scparate. concurrent additions. It is also understood
that 2 biologically active agent can be suspeaded in a
solution. or suspension. of a metal cation compogent in a
solvest befare dissolving the polymer in said solvent

The amount of a biologically active agent added to the
polymer solution can be determined empirically by com-
parative in vitro tests of polymeric matrices containing
different concentrations of at jcast onc metal cation compo-
nent and of at least one biologically active ageat. The
amount used will vary depending upon the particular agent.
the desired effect of the agent at the planned release levels.
and the ume span over which the agent will be released.

In an aliermate embodiment. the protcin added to the
polymer solution can be mixed with an excipicnt. such as at
least one stabilizing agent as is known in the art.

The formation of a polymeric matrix microparticle for
modulating the release of RNase-A is further described in
Exampie VIL The effectiveness of the method of modulating
the release of RNase-A from a polymeric matix is also
described in Example VIL

The polymeric matrix of this isvention can be farmed into
many shapes such as a film. a pellet. a cylinder. a disc or a
microparticle. A microparticle, as defined herein. comprises
a particic having a diameter of less than about one millimeter
containing particies of a biologically active agent disparsed
therein. A microparticle can have a spherical. non-spherical
or irregular shape. The preferred microparticle shape is a
sphere.

In a preferred embodiment. the method includes farming
a modulated release polymeric matrix as a8 microparticle. A
suitable metal cation component is dispersed as solid par-
ticles or free dissociated cations. and 2 biologically active
ageat is separately dispersed as solid particles in a polymer
solution containing about 5-30% polymer by weight. In a
mare preferred embodiment. the polymer solution contains
about 5~15% polymer by weight. Biodegradable polymers
are prefared. while PLGA is more prefemred.

A miqoparticle is thea formed from the polyroer solution.
A suitable method for forming an acceptable microsphere
from a polymer solution is described in U.S. Pat. No.
5.019.400. issued to Gombotz et al. The teachings of US.
Pat. No. 5.019.400 are incarporated herein by refereace.

1n another embodiment. a modulated release composition
is prepared by the solvent evaporation method described in

- U.S. Pat. No. 3.737337. issued to Schnoring et al., US. Pat.

No. 3523.906. issued to Vranchen et al. US. Pat. No.
3.691.090. issued 1o Kitajima et al.. or U.S. Pat. No. 4.389.
330. issued to Tice et al.. which are incorponu:d herein by
reference.

In the solvent evaporation method a polyroer solutioa.
which contains a dispersed metal cation component and s
disparsed biologically active agent. is mixed in or agitated
with a continuous phase. in which the polymer's solvent is
substantially immiscible. to form an emulsion. The contiou-
ous phase is usually an aqueous solvent. Emulsifiers are
often incduded in the continuous phase to stabilize the
sruision. The polymer’s solvent is then evaporated over a
period of several hours ar more. thereby solidifying the
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solution. The polymer solution is thep solidified to form a
polymer matrix wherein the metal catioa compouand is
dispersed therein and subsequently hydrated to form at least
one gap within said polymeric matrix. thereby increasing the

mately four minutes to disperse the salt particies. A sample
of 100 mlL of the suspeasion was then cast in 9x5x1 inch
teflon petri dish (Plastic Stuctures Co.. Wilmington. Mass.).
The films were cast in two layers to avoid settling of the salt

porosity of the polymer. Gaps. as defined herein comprise ss particles. The methylene chloride was evaporated at room
pores and/or voids. See Examplc V for a further description temperawre in a hood for the first 24 hours at atmospheric
of this method of use. . pressure. The films were wransferred to a vacuum oven and

An alternate embodiment of the raethod of use consists of were dried at 30° C. for 6 hours. 40° C. for 3 days. and then
a method for slowing the sate of degradation of a polymer.  at 50° C. for 3 days. No further reduction in dry weight was

" In this method a solution is formed of a polymer and a metal ¢o obscrved at the end of this drying cycle.

ction component is thea dispersed within said polymer . Polymer films contzining the water soluble salts magne-
solution. The polymer solution is subsequeatly solidified to sium acetate and zinc acetate were prepared by cosolubiliz-
form a polymeric matrix having a metal cation corponent ing the salts with PLGA in acetone. A 10% solution of
dispersed therein. Example II provides additional descrip- polymer was prepared by dissolving 5 g of polymer in S0 mlL
tion of the slowing of the polymeric degradation rate. 65 of acetone at room temperature. A solution of Mg(OAc), or

The composition of this invention can be adminjstered to
_ahuman. or other animal. by injection and/or implantation

Zn(OAc), was prepared by dissolviag 0.26 g of cither salt in
50 mL of room terperature acetanc. Equal volumes of the
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polymer to form a polymeric matrix having a metal cation subcutapeously. intramuscularly. intraperitoncally.
component and a biologically active agent separately dis- inradarmally. intravenously. intraarterially or intrathecally:
persed therein. by administration to mucosal rpembranes. such as igtrana-
In apother embodiment. the method includes forming 2 sally or by means of a suppository. or by in sim delivery 10
modulated release polymeric matrix as a film or any other s provide the desired dosage of a biologically active agent
shape. A polymer solution and metal cation componenl. is based on the known parameters for treatment of the various
particulate or tﬁxsm fa? is mixed. xf:u in;tl_ance ‘z medical copditions with said ageatL
sonication. un e cations are gei o O . .
throughout the polymer solution. The golymuysolm is de}:;b::‘t,:n;?for:lwi:wcxbe {::hﬂ and specifically
subsequently cast in a mold. such as a petd dishl.“':lhc sﬁoi::em 10 Y 8 €xamp
is then removed by means known in the art until a .
form. with a consuym dry weight. is obtained. The formation EXEMPLIFICATION
of polymeric matrix films is further described in Exaraple L EXAMPLE 1
Several other methods of using the composition of this
invention can be used to modulate physical pmpm:f:s of 15 Preparation of Polymer Films Containing Salts
polysers. g‘ﬁm’:ﬁ:ﬂ:;%ﬂ’;‘:;:ﬁzg PLGA (50:50) with a molecular weight of 42.000 Daltons
capacity without sigaificant polymer degradation. The (LV.0.7dL/g Bnrmmg_ham Polymers. Birmingham Ala.) was
method comprises forming a solution of a polyrer and then  used for all film studies. The polymer films were produced
" dispersing a metal cation component into the polymer soly- _ DY 3 film castiog technique. The polymer was dissolved in
ton. The polymer solution is then solidified to form a 20 methylene chioride (5% wiv) at room temperature for up to
polymer matrix whereis the metal cation component is 24 hours.
dispersed therein. See Example I for a further description of Films were prepared using both water insoluble and
this method of enhancing initial hydration. soluble salts containing divalent cations. The salts were
A further embodiment of the method of use consists of a _ incorporated cither as particulates or by cosolubilizing the
method for significantly stabilizing the glass transition tem- ~ Salts with the polymer in an appropriate cosolveot The
perature for a polymer during bydration. comprising the  fabrication procedure is described below.
steps of forming a solution of a polymer and a solvent and Three salts with low water solubility. MgCO,. Mg(OH),
then dispersing a metal cation component within said poly-  aed ZoCO, (Spectrum Chemical MFG. Corp.. Gardeoa.
ma solution. The polymer solution is thea solidified to farm Calif.) and two water soluble salts. MgSO, and ZnSO,
a polymer matrix whercin particles of thc metal cation = (Spectrum Chemical. MFG. Corp.. Gardena. Calif.) were
component are dispersed therein. incorporated into films as particulates. MgCOs. Mg(OH),
Glass tansition temperaure (Tg) could be an indirex  a8d ZoCO, were sieved priar to film casting using a 38
indicator of polymeric degradation since Tg is a function of ~ micron US.A. standard testing sieve (o coatrol the particle
the molecular weight of the polymer and usually decreases 55 Si2¢. The average particle diameter of the sieved salts prior
as molecular weight decreases. Glass transition temperature {0 encapsulation is provided in Tabie 1.
(Tg) is defined as the temperature at which a polymer
coaverts from a glass phase to a rubbery phase. Tg is TABLE 1
affected by the molecular weight of the polymer. See .
Exampie IV for further description of this method of stabi~ g — oo Formuts Dismaer gam)
lizing Tg during polymer hydration. In the embodiment );:;ccgh :::;(&orgug(om,_sx,o i:
wherein the polymeric matrix is in-the form of
micmpam'clcs.pt.hc stabilization of Tg maintains the 20C0, 3Zo(OH),220C0, 40
mechanical properties of the polymer. thereby enhancing the _
coatrol of agent release. «s As non-ionic water insoluble particulates. either carbon
Yet another embodiment of the method of use consists of  black or glass particles (20 micron diameter, Polyscieaces
a method for increasing the porosity of a polymer without Inc. Warrington, Pa.) were used. Polymer films were pre-
significant polymer degradation. This method includes the pared by adding the sieved salt 10 the polyroer solution to a
steps of forming a solution of a polymer and a soivent and final concentration ia the 0-30% (w/w. salt/polymer) range.
then dispersing a metal cation component into said polyroer so The sait polymer suspension was sonicated for approxi-
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salt solution and the polymer solution were combined and
the mixture was sonicated for approximately four minutes.
Onc hundred nilliliter samples of the salt-polymer solution
were poured into the teflon petri dishes. The methylene
chioride was evaporated as described previously.
EXAMPLE I .
Water Uptake in Polymeric Films

Water uptake studies were conducted on the polymeric
films made in Example L The buffer solutions used in this
study were HEPES (10 mM HEPES. 130 mM NaCl. 0.1%
NaN,. 1% Pluronics F68. pH 73) or PBS (50 mM Sodium
Phosphate. 78 mM NaCl. 0.1% NAN,. 1% Pluronics F68.
pH 7.2). Film samples (50-80) mg were incubated in buffer
(.S mUmg film) & 37° C. Duplicate film samples were
utilized for each of the time points to eanble both dry and
wet weight measurements. - :

Samples were recovered at the specified time intervals.
the surface water removed with absorbent paper and the
sampies were weighed The samples were thep frozen at
—80° C. and subsequently lyophilized for 3—4 days until
constant dry weight. The weights of the dried films were
measured after lyophilization. Buffer solution was replaced
in full for the film samples being incubated for the later
water uptake determinations.

Water uptake was calculated at each tiree point using the

following equation:

Wi. bedrated fitm — Wi. dried fitm
Wi, dred bim

% H;O Uptake = x 100 ’

10

gel permeation chyomatography (GPC). The films prepared
io Example I were hydrated as described in Example II. The
film samples were redissolved in chloroform (5-10 mg/ml.)
and were filtexed through a 0.22 micron filier. GPC was
conducted using a MIXED columa (300x10 mm. Polymer
Labs) with chloroform as eluent and refractive index for
detection. Molecular weights were calculated using poly-
styrenc as standards (S80 to 950.000 Daltons) and the
ugiversal calibration method.

The molecular weight of the control films decreased from
42000 to 3000 Daltons after 30 days as shown in FIG. 9.

In contrast. the rate of decrease in molecular weight of the
films containing MgCO, were smaller than for the control
film (see FIG. 9). The molecular weight decrease in films

with ZnCO, was slower than in control filmas (F1G. 10). but.

mare rapid than in films containing MgCO, Similar degra-
daton kiretics were observed with Mg(QAc). containing
films (FIG. 11).

EXAMPLE IV

Effect of Salts on Glass Transition Temperature

The glass transition temperature (Tg) of the films was
determined using a differential scanning calorimeter (DSC)
(DSC 7 Serial. Perkin Elrner. Narwalk, Conn.) under nitro-
gen and using indium as a standard. Each sample was cooled
to 0° C. before heating to 60° C. at 10° C/min. Tg mea-
surements were perforroed on the film samples after lyo-
philization as described in Example IL

30
. . . The time course of Tg decrease for control films is plotted
Values obtained for duplicate les were averaged. . ]

The effects of diﬂughm sal!sn;:pmc watea uptaﬁe of the in FIG. lZ.Thedromeg obscrved.betwccn 1020d 15 days
PLGA films are shown in FIGS. 1-8. The éontrol films ~ Soesponds to the point at which the polymer MW
(blank films) without incorporated salts showed a slow,  9ccreases’to less than 20.000 Daltons.
gradual increase in the amount of water absarbed during the 3s  Ip contrast. the rates of Tg decrease in polymer films that
first 15 to 20 days (FIG. 1). After this time. a large increase contained Mg and Za salts (FIGS. 12-14) were either
in water uptake was observed. This secondary phase of  negligible (in the case of MgCO,. FIG. 12). or significantly
water uptake was associsted with polymer degradation (see slower (ZnCO, and Mg(OAc).: FIGS. 13 aod 14.
Example IIT). Films containing inen particles (carbon black  respectively) than those of cootrol films. In MgCO, and
or glass particles) exhibited water uptake profiles similar to o ZoCO, containing films. s tend toward a slower Tg

the control polymer films (FIG. 1).
Films containing insoluble salts (MgCO,. Mg(OH), and
2nCO,) all exhibited a initial water uptake than

control films (FIGS. 2-4). Following the initial uptake .

phase. about 3 days. the amouant of water absorbed by the
films containing MgCO, and Mg(OH), did not change uatil
after 30 days. The second phase of water uptake occurred.
approximately 2 weeks later than was observed with control

polymer films.

ZnCO, films exhibited a more continucus water uptake of s, sputicr-coated with gold 200-300 A and the samples
a magnitude greater than that of coptrol films (FIG. 4). Thare  observed using JEOL-6400 SEM.
was po clear distinction between injtial and secondary water All films displayed a dense structure with a few pores
uptake phases in the ZnCO, films. scattered throughout the device prior to hydration. Howeve.
Mg(OAc), containing films showed ag initial water  the rate of water uptake was different depending on the
uptake that was larger than the blank films (FIG. 5). but pot g5 incorporated salt. Thus the increase in water uptake was not
as large as those with the insoluble magnesium salts. No  dominated by initial porosity of the sample but was a
additional water uptake was observed untl after 21 days. function of the type of salt dispersed in the polyroer film.
when 2 second phase of water uptake took place. The onset SEM evaluation of the control films without salts dem-
of sccondary water uptake was delayed by 8 few days  onstrated a dense and smooth structure up to 14 days of
relatve to the blank film. Water uptake behavior by ¢ hydration. Between 14 and 22 days. large pores became
Zn(0Ac),. MgSO, and ZnSO, films was similar to that of  visible on the film surface and throughout the sample oss
the Mg(OACc); film samples (FIGS. 6-8). section. The appearance of these pores coincides with the
EXAMPLE I secondary water uptake phase associated with polymer
: degradation and crosion of the polymer (see Examples
Effect of Salts on Polymer Degradaton 6s O-IV).

The effects of encapsulated salts on polymer degradation
rates were assessed by molecular weight determisations by

decrease with increasing salt content was observed.
EXAMPLE V

Effect of Salts on Film Porosity

SEM was used to observe quelitative changes in film
porosity and to monitor morphology changes of the film
surfaces and cross sections over time. Samples were lyo-
philized as described in Example IL The dried samples were

Films Joaded with water insoluble salts exhibited increas-
ing porosity afier hydration times as short as 24 hours. SEM

Patinfo -~

25

U.S. NDA: NUTROPIN DEPOT™—Genentech, Inc.
25/rhGH: 13.doc

A e emvA AN

L




Item 13:

5.656.297

1

analysis of 24 hour hydration samples of films containing
2% MgCO, showed the formation of a porous network
within the film sample. concentrated at the film surface.
Afier 7 days. the film had become uniformly porous across
the cross section. Pares ranged in diameter from approxi-
raately 1-20 pm. No further increase in porosity was
observed betweea 7 days aad 22 days. Similar behavior was
obsarved with films that contained higher MgCO, perceat-
ages. .

Films that contained 10% ZnCO, were also observed to
become highly porous within 3 days of hydration. Three day
hydratiop samples showed the presence of a porous netwark
extending throughout the cntire film cross section. The
morphology of hydrated ZaCO, containing films was simi-
lar 1o hydrated films with MgCO,.

Films that contained water soluble magnesium salts also
exhibited the formation of internal and surface pores and
voids well before pore formation occurred in coatrol films.
Pores ranging in diameter from approximately 1-50 pm
were visible in samples that had been hydrated for five days.
- There was some differcace berween the morphology of

the films loaded with soluble and insoluble salts that were
hydrated for 5 to 7 days. The films loaded with Mg(OAc),
seemed to display a lower porosity and a tendency toward
large voids (approximately SO microns) compared to films
that coptained insoluble saits. MgCO, and ZnCO, films
showed a higher porosity: a majarity of the pore volume was
composed of pores of less than ten microns in diameter.

EXAMPLE V1

Effect of Salts on Polymer Weight Loss

The effects of insoluble salts on polymer degradation in
hydrated film samples were also assessed by monitoting the
time course of polymer weight loss during incubation. The
films prepared in Exaraple 1 were hydrated as described in
Example IL Samples were recovered at the indicated time
intervals and frecze-dried as described in Exampie IL The
weights of the dried film samples were measured after
lyophilization. Percent. weight loss at different times was
computed according to the cquation:

% Weight Loss (=100 X (W W YW 0y

where W, is the initial weight of the polymer film and W,
is the weight of the sample at time point t. )

The time course of weight loss in the control film is shown
in FIG. 15. There is litlle weight loss until 14 days. after
which rapid weight loss takes place. This phase of weight
loss is associated with degradation and erosion of the
polymer. as evideoced by increased water uptake, decreased
molecular weight and Tg and the appearance of pores and
voids in SEMs of film samples (sec Examples IL ITL V and
VT). Also shown 'in FIG. 15 are weight loss profiles for
polymer films that coatain §. 10 and 15% MgCO,. Instead.
weight loss in these films was more gradual and of a lesser
magnitude.

A partion of the weight loss occurring in MgCO,-
conuaining films was due to dissolution of the encapsulated

45

salt particles. To assess how closely total weight loss mes- 60

surcments approximate polymer weight loss in salt-
containing film samples. the polymer weight loss was esti-
mated according to the following two extreme scenarios: (1)
all of the encapsulated salt dissolved between the initial
hydration and the first time point. and (2) no salt dissolved
throughout the catre study. Regardless of which salt disso-

(4]

Jutop scenario was selected. polymer weight loss in control

12

films excecded that of MgCO,~ontaining films. indicating
that incorporation of the insoluble salt prevented or delayed
erosion of the polymeric matrix.

EXAMPLE VI

Effect ‘of Salts on the Release of RNase-A or
ACTH from PLGA Micospheres

RNase-A was microencapsulated into 5000 Dahion
PLGA. (LV. 0.15 dL/g Birmingham Polymers. Birmingham.
Ala ) with cither ZaCQ, or Mg(OH),. Adreaocorticoaropin
hormone (ACTH) was microencapsulated into the same type
PLGA with MgCO,. The method described in U.S. Pat. No.
5.019.400. issued to Gombotz et al. was used to encapsulate
the RNase-A and ACTH proteins. Each protein (10% wiw)
and the salts (0%. S%. 10% or 15% w/w) were added
separately as particulates to a solution of PLGA in methyl-
enc chloride which was sonicated at 4° C. for 30 seconds.
The suspensiop was then sprayed into Liquid nitrogen which
was overlaying frozen ethanol. The methylene chloride was
extracted into the ethanol at —80° C. The microspheres were
filtered and lyophilized to produce a dry powder.

The effect of the salts upon the in vitro release kinetics of
RNase-A and ACTH was assessed. Release studies were
conducted by suspending 20 mg of microspheres in 1 ml of
10 mM HEPES buffer at 37° C. Assays were doac in 2 ml
polypropylene Eppendorf wbes. Release studies of ACTH
were conducted in the same manner with the exception of
using PBS in licu of HEPES buffer. At the specified time
points. the buffer was removed in full and replaced with
fresh buffer. The concentration of RNase-A in buffer was
measured using the BCA Protein Assay (Pierce. Rockfard,
111.) aad the concengation of ACTH was measured using the
Biorad Protein assay (Biorad. Richroond. Calif.).

The effects of ZnCO, or Mg(OH), on the release kinetics
of RNase-A arc shown in FIGS. 16 and 17. RNase-A
encapsulated into PLGA alone exhibited release of the
protein over the first 24 hours after which no further release
was observed until day tweaty one. Mg(OH), resulted in
continuous release of the protein over days. ZaCO, resulted
in continuous release of the protein over thirty five days.

The effect of MgCO, on the release kinetics of ACTH is
shown in FIG. 18. ACTH encapsulated into PL.GA alone
exhibited approximately 40% release of the protein over the
first 24 hours afta which no further release was observed
MgCO, resulted in continuous release of the protein over the
same period

EQUIVALENTS

Those skilled in the art will recognize. or be able to
ascertain, using 0o more thap routine experimentation. many
equivalents to specific embodirnents of the invention
described specifically herein. Such equivalents are intended
10 be encompassed in the scope of the following daims.

The invention clairped is:

1. A pharmaceutical composition for the modulated

release of a biologically active pharmaceutical agent. com-
prising: .
a) a biocompatible and biodegradable polymeric matrix;
b) an effective amount of a biologically active pharma-
ceutical agent. the biologically active pharmaceutical
agent being dispersed within the polymeric matrix: and
©) a metal cation compoaent for modulating release of the
biologicaily active agent from the polymeric matrix.
whegrein the metal cation componens comprises a cation
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selected from the group consisting of Zo(I). Mg(D
and 2 combination of at least two different multivalent
metal cauons. and wherein the meial cation component
is separately dispersed within the polymeric matrix.

2. A modulated release composition of claim 1 wherein ¢

said metal cation componeat is selected from the group
consisting of magnesium hydroxide. magnesium carbonate,
Znc carbonate, magaesium acetate. zinc acetate. magnesium
chloride. zinc chloride. magpesium sulfate. zinc sulfate,
magnesium citrate and zinc citrate.

3. A composition for the modulated release of a biologi-
cally active pharmaceutical agent. comprising:

. a) a biocompatiblc and biodegradable polymeric matrix;

b) an effective amount of a biologically active pharma-

ceutical agent. the biologically active pharmaceutical
agent being dispersed within the polymeric matrix: and

) a metal cation cornponent for modulating the release of

the biologically active agent from the polymeric
matrix. wherein said mectal cation component is
selected from the group coasisting of magnesium
hydroxide. magpesium carbonate. calcium carbonate.
zinc carbopate. magnesium acctate. zinc acetate. mag-
pesium chloride. zinc chloride. magnesium sulfate. zinc
sulfate, magopesium citrate and 2inc citrate. and wherein
the metal cation component is separately dispersed
within the polymeric matrix.

4. A method for significantly stabilizing the glass transi-
tion temperature for a polymeric matrix during hydration.
comprising the steps of:

a) forming a solution of a polymer;

b) dispersing a metal cation camponent into said polymer

solution; and

¢) solidifying said polymer from said polymer solutioa to

fortn a polymeric matrix. containing the metal cation
component dispersed therein, thereby stabilizing the
glass transition temperature for 8 polymeric matrix
during hydration.

S. A method for enhancing the initial hydration capacity
of a polymeric matrix without significant polymer
degradation. comprising the steps of:

a) farming a solution of a biodegradable polymer in a

solvent;

b) dispersing a metal cation component within said poly-

mer solution; and

c) solidifying said polymer from said polymer solution to

form a polymeric matrix. cootaining the metal cation
component dispersed therein. thereby enhancing the
inidal hydration capacity of a polymeric matrix without
significant polymer degradation.

6. A method for increasing the parosity of a polymeric
roatrix. comprising the steps of:

a) fonaing a solution of a polymer and a solvent;

b) dispersing a metal cation component within said poly-

mer solution; :
<) solidifying said polymer from said polymer solution. to
forrn a polymeric matrix containing the mctal cation
-component dispersed therein: and
d) hydrating said polymeric matrix to thereby form at
least ope gap within said polymeric matrix. thereby
inareasing the parosity of said polymeric matrix.

7. A modulated release composition of claim 3 whesein
said biodegradable and biocompatible polyrer is selected
from the group consisting of poly(lactide) s. poly(glycalide)
s. poly(lactide-co-glycolide)s. polyanhydrides.
polyorthoesters. polyctheresters. polycaprolactone.
polyesteramides. blends and copolymers thereof.

10
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8. A composition for the modulated release of a biologi-
cally active protain. comprising:

2) 2 biocompatible polymeric matrix; .

b) an effective amount of a biologically active protein. the
biologically active protein being dispersed within the
polymerjc matrix: and

¢) a metal cation compoaent for modulating release of the
biologically active protein from the polymeric matrix.
wherein the metal cation componcnt comprises a cation
sclected from the group consisting of Za(Il). Mg(M)
and a combination of at least two different multivalent
metal cations. and wherein the metal cation component
is separately dispersed within the polymeric mawix.

9. A modulated release composition of claim 8 wherein
said polyruer is biodegradable. -

10. A roodulated release composition of claim 7 wherein
said biologically active agent comprises a protein,

11. A modulated release composition of claim 10 wherein
said protein is sclected from the group coansisting of
pucleases. erythropoictin. hurman growth hormone.
interferons, interieukins. growth factors. tumor pecrosis
factor. adrepocorticotropic hormone. and colooy-stimulating
factors.

- 12. A method for modulating the release of a biologically
active agent from a polymeric matrix. comprising:

a) dissolving a biocorpatible polyrner in a solvent to

form a polymer solution;

b) dispersing a metal cation component in said solvent.
wherein the metal cation component comprises 8 metal
cation selected from the group coasisting of Zn(II).
Mg(Tl) and a combination of at least two differcat
muitivalest metal cations;

) separately dispersing a biologically active agent in said
polymer solutica: and

d) solidifying said polyrner from said polymer solution to
form a polymeric mamix. whereby the metal cation
component modulates the release of the biologically
active agent from the polymeric matrix.

13. A composition far the modulated release of a biologi-

cally active agent. comprising:

a) a biocompatible polymeric matrix of a polymer
sclected from the group consisting of poly(lactide)s.
poly(glycolide)s. poly(lactide-co-glycolide)s and
blends thereof;

b) an effective amount of a biclogically active protein.
said biologically active protein being dispersed within
the polymeric matrix; and

¢€) a metal cation component for modulating release of the

biologically active agent from the polymeric mawix. -

wherein said metal cation component is selected from
the group consisting of magnesium hydroxide. magoe-
sium carbopate. calcium carbonate. zinc carbonate,

magpesium acctate. zinc acetate, magnesiurn sulfate,

zinc sulfate. magnesium chloride. zinc chioride. zinc
citrate and magnesium citrate, and wherein the metal
cation component is separately dispersed within the
polymeric matrix.

14. A modulated release composition of daim 13 whercin
said biologically active protein is selected from the group
copsisting of pucleases. crythropoictin. human growth
hormoane. interferons. interleukins. growth factors. adreno-
corticotropic hormone, turnar pecrosis factor and colony-
stimulating factors.

15. A method of claim 12. further comprising the step of
suspending particies of said metal catiop component i a
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second solvent before dispersing the metal cation cornpo- 19. A method of claim 18 wherein said polymer is

nent in the polymer solution. wherein the second solvent is
miscible with said first solveot. and wherein said polymer is
soluble in the second solvent

16. A method for modulating the release of a biologically
active agent from a polymeric matrix. cornprising:

a) dissolving a biocompatible polymer in a soivent to

form a polyroer solution;

d) dispersing a metal cation component in said solvent
wherein said metal cation cornponent is sclected from
the group coasisting of magnesium hydroxide. magne-
sium carbonate. calcium carbonate. zioc carbonate,
magnesium acetate. zinc acetste. magnesium sulfate.
zinc sulfate. magpesium chloride. zinc chloride. zinc
citrate and magpesium atrate;

c) scparately dispersing a biologically active agent ip said
polymer solution: and

d) solidifying said polyrner from said polymer solution to
form a polymeric matix. whereby the metwal cation
component modulates the release of the biologically
active agest from the polymeric matrix.

17. A method of claim 16 wherein said biologically active

agent comprises a protein.

18. A method of claim 17 wherein said protein is selected
from the group cossisting of oucleases. erythropoietin.
human growth hormone. interferons. interieukins. growth
factors, adrenocarticotropic harmnone. tumor neqgosis factor
and colony-stimulating factors.

5

10

13
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biodegradable.

20. A method of claim 19 whercin said biodegradable
polymer is selected from the group consisting of poly
(lactide)s. poly(glycolide) s. poly(lactide-co-glycolide)s.
polyanhydrides. polyorthoesters. polyetheresters.
polycaprolactone, polyesteramides. blends and copolymers
thereof.

21. A method of claim 18 wherein said polymer is
non-biodegradable.

22. Amethod of claim 21 wherein said non-biodegradabie
polymer is selected from the group consisting of
polyacrylates. polyroers of ethyleae-vinyl acetates. and acyl
substituted ccllulose acetates. non-degradable
polyurcthanes. polystyrenes, polyvinyl chiaride. polyviny}
Buoride. poly(vinyl imidazole). chlorosulphonate
polyolefins. polyethylene oxide. bleads and copolymers
thereof.

23. A rocthod of claim 15. further comprising the step of
dissolving said metal cation componeant in a second solvent
before dispersing the metal cation coraponent in the polymer
solution. wherein the second solvent is miscible with the first
solvent. and wherein said polymer is soluble in the sccond
solvent.
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NEW DRUG APPLICATION: ITEM 14
NUTROPIN DEPOT™ [somatropin (rDNA origin) for injectable suspension]

14. PATENT CERTIFICATION WITH RESPECT TO ANY PATENT WHICH
CLAIMS THE DRUG ¥

All investigations in this application were conducted by or for the applicant; hence, this

section is not applicable.
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PEDIATRIC PAGE BEST POSSIBLE COPY

{Complete for aH original applications and all efficacy supplements)
NOTE: A new Pediatric Page must be completed at the time of each action even though one was prepared at the time of the last action.
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Applicant W Therapeutic Class WUM'\ hOfmnu..

_ Indication(s) previously approved _. 5“'“‘ 2o _The MTQISLTIL 'U 'ﬂ"'—-’ A?‘[ CAUIS

Pediatric information in labeling of approved indication(s) is adequate _X inadequate ___ _ _ ..
Proposed indication in this application _ 0 ATAEAT  pr  EhoWTS ‘«'3“-"—0'\1& O e gueu - chiong/

FOR SUPPLEMENTS, ANSWER THE FOLLOWING QUESTIONS IN RELATION TO THE PROPOSED INDICATION.

1S THE DRUG NEEDED IN ANY PEDIATRIC AGE GROUPS? ___ Yes (Continue with questions) ___ No (Sign and retum the form)
WHAT PEDIATRIC AGE GROUPS IS THE DRUG NEEDED? (Check all that apply)

__Neonates (Birth-Tmonth) __Infants {1month-2yrs) __Children {2-12yrs) Adolecemsﬁz -16yrs)

1. PEDIATRIC LABELING 1S ADEQUATE FOR ALL PEDIATRIC AGE GROUPS. Appropriate information has been submitted in this or previous
applications and has been adequately summarized in the laheﬁng to permit satisfactory labeling for all pediatric age groups. Further information is not

required.

— 2 PEDIATRIC LABELING IS ADEQUATE FOR CERTAIN AGE GROUPS. Apprapriate information has been submitted in this or previaus applications and
has been adequately summarized in the labeling to permit satisfactory labeling for certain pediatric age groups4e.g., infants, children, and adolescents
"~ but not neonates). Further information is not required. A

3. PEDIATRIC STUDIES ARE NEEDED. Thereis poiemial for use in children, and further information is required to permit adequate labeling for this use.
Al

— a. Anew dosing formulation is needed, and applicant has agreed to provide the appropriate formulation.
__h. Anew dosing formufation is needed, however the sponsar is githet not willing to provide it or is in negotiations with FDA. |

—¢. The applicant has committed to doing such stud'les as will be required.

(1) Studies are ongoing,

{2) Protocols were submitted and approved.

(3 Protocols were submitted and are under teview.

{4) If no protocol has been submitted, attach memo describing status of discussions.

__d. If the sponsor is not willing to do pediatric studies, attach copies of FDA's written request that such studies be done and of the sponsor's
written response to that request.

4. PEDIATRIC STUDIES ARE NOT NEEDED. The drugfhiologic product has kttle potentnal for use in pediatnc patients. Attach memo expiammg why 4/ N
pediatric studies are not needed.

5. If none of the above aphly,, attach an expiar_lation. as necessary.

ARE THERE ANY PEDIATRIC PHASE [V COMMITMENTS IN THE ACTION LETTER? ___ Yes X No
ATTACH AN EXPLANATION FOR ANY OF THE FOREGOING ITEMS, AS NECESSARY.

This page. wss compleTEtbased. nn information front.,_ / S/ l ' L@,wﬁeﬁ/—@
' %S/ mw Sy S l/lm o

Signature 6f Preparey dnd Titie " Date
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Item 16: Debar - 1

NEW DRUG APPLICATION: | : ITEM 16
NUTROPIN DEPOT™ [somatropin (rDNA origin) for injectable suspension]

16. - DEBARMENT CERTIFICATION
(Section 306[k[1] of the Act 21'U.S.C. 335a[k][1])

- This is to certify that Genentech, Inc. has not and will not uée, in any capacity, the
services of any person debarred under subsections (a) or (b) (Section 306[a] or [b}), in .
connection with this New Drug App]i_cation (NDA).

Signedby: - /UJ’/ /\//

Robert L. Gamick, Ph.D.

Title: Vice President, Regulatory Affairs

¢/1/17

Date:

APPEARS THIS WAY
ON ORIGINAL

U.S. NDA: NUTROPIN DEPOT™—Genentech, Inc.
1/hGH: 16.doc '
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exclusivity checklist Section 3 G - : | Page 1 of 6

Exclusivity Checklist

NDA: A/-075 |
Trade Name: A/, oo De oot |
IGeneric Name:. 5,21 2071 /rL/Jﬁ orlqm) aca’ l.)’fgc'L-. e <uSﬂ£;"‘7v'\ !
@pphcant Name: 6&&:&5} Tuc. = . |
Division: Jr)-5/0  pefaton (e

Project Manager: 7/ 0,4 f A ye,
Approval Date: /LjéZ/TS ¢

| PART I: IS AN EXCLUSIVITY DETERMINATION NEEDED?

1.~ An exclusivity determination will be made for all original -applications, but only for certain
supplements Complete Parts II and III of this Exclusivity Summary only if you answer "yes" to.
one or more of the following questions about the submission.

a. Is it an original NDA? : Yes I No |
b. Is it an effectiveness supplement? iYes & No . v |
c. If yes, what type? (SE1, SE2, etc.) ‘ i A

- Did it require the review of clinical data other than to support a |
safety claim or change in labeling related to safety? (If it reqmred Yes 1; v~ No

review only of bloavallablllty or bioequivalence data, answer " ;

o If your answer is "no" because you believe the study is a bxoavaxlabxhty study and,
! therefore, not eligible for exclusmty, EXPLAIN why it is a bioavailability study, including your
’ reasons for disagreeing with any arguments made by the applicant that the study was not simply!

a bioavailability study. : -

Explanation:
/A

_ If it is a supplement requiring the review of clinical data but it is not an effectiveness
supplement, describe the change or claim that is supported by the clinical data:

Explanation: .
WA

d. D1d the applicant request exclusivity? : ??rYes i v/ No _
: If the answer to (d) is "yes," how many years of exclusxvxty did j ] ;
the applicant request? i frzfz a2~ !

IF YOU HAVE ANSWERED "NO" TO ALL OF THE ABOVE QUESTIONS, GO .
IDIRECTLY TO THE SIGNATURE BLOCKS. ' o
2. Has a product with the same active ingredient(s), dosage form, i ; :
strength, route of administration, and dosing schedule previously been I’Yes || '!No ; \/
approved by FDA for the same use? I : I i :
If yes, NDA # ' § |

( Drug Name:
' IF THE ANSWER TO QUESTION 2 IS "YES," GO DIRECTLY TO THE SIGNATURE

http://cdemet/PMCC/Project%20Manager%20Resource%20Mé.../exclusivity%ZOChecklist.ht 11/22/99




exclusivity checklist Section3 G - | Page 2 of 6

BLOCKS. .
3. Is this drug product or indication a DESI upgrade? Yes ¢ No

IF THE ANSWER TO QUESTION 3 IS "YES," GO DIRECTLY TO THE SIGNATURE:
BLOCKS (even if a study was required for the upgrade). 1
PART II: FIVE-YEAR EXCLUSIVITY FOR NEW CHEMICAL ENTITIES '
((Answer either #1 or #2, as appropriate) WA : o
1. Single active ingredient product. ' ' iYes No
Has FDA previously approved under section 505 of the Act any
idrug product containing the same active moiety as the drug under - h I
|c0n51deratlon'7 Answer "yes" if the active moiety (including other | I
esterified forms, salts, complexes, chelates or clathrates) has been | b f
: prevnoubly approved, but this particular form of the active moiety, | - i
€.g., this particular ester or salt (including salts with hydrogen or iYes - No
Icoordmatlon bonding) or other non-covalent derivative (such as a ’
‘complex chelate, or clathrate) has not been approved. Answer "no" if h :
the compound requires metabolic conversion (other than ; ;
deesterification of an esterified form of the drug) to produce an : : ;
already approved active moiety. i ! 5 g
If "yes," identify the approved drug product(s) contammg the active moiety, and, if known,
ithe NDA #(s).
. Drug Product , ;
. _NDA # |
‘DCrug Product ' i
NDA # L
Drug Product !
,2 Combination product - .|Yes ' No -
If the product contains more than one active moiety (as defined in | '
Part II, #1), has FDA previously approved an appllcatxon under
section 505 containing any one of the active moieties in the drug i ,
product? If, for example, the combination contains one never-before- ', : No
;approved active moiety and one previously approved active moiety, Ii
answer "yes." (An active moiety that is marketed under an OTC | !
monograph but that was never approved under an NDA, is cormdered} | ; I |
not previously approved.) I | I i |
If "yes," identify the approved drug product(s) containing the active moiety, and, if known,
the NDA #(s).
Drug Product
NDA #
Drug Product
NDA # |
Drug Product L
| NDA# - I
IF THE ANSWER TO QUESTION 1 OR 2 UNDER PART I1 1S "NO," GO DIRECTLY !

htm://cdemet/PMCC/Project%2OManager%ZOResource%2OMa.../exclusivity%20check1ist.ht 11/22/99




exclusivity checklist Section 3 G Page 3 of 6

TO THE SIGNATURE BLOCKS. IF "YES," GO TO PART IIl. i

i
|
!
T

| PART III: THREE-YEAR EXCLUSIVITY FOR NDA'S AND SUPPLEMENTS

‘To qualify for three years of exclusivity, an application or supplement must contain "reports of

inew clinical investigations (other than bioavailability studies) essential to the approval of the

'application and conducted or sponsored by the apphcant Thxs section should be completed

only if the answer to PART II, Question 1 or 2, was "yes."

1. Does the application contain reports of clinical investigations? ‘ |

(The Agency interprets "clinical investigations" to mean i '
|
b
!

investigatians conducted on humans other than bioavailability I!
'studies.) If the application contains clinical investigations only by ]
'virtue of a right of reference to clinical investigations in another
:application, answer "yes," then skip to question 3(a). If the answer to |
"13(a) is "yes" for any investigation referred to in another application, |
ido not complete remainder of summary for that investigation.
IF "NO," GO DIRECTLY TO THE SIGNATURE BLOCKS.

2. A clinical investigation is "essential to the approval” if the Agency could not have approved
the application or supplement without relying on that investigation. Thus, the investigation is
not essential to the approval if 1) no clinical investigation is necessary to support the
supplement or application in light of previously approved applications (i.e., information other
than clinical trials, such as bioavailability data, would be sufficient to provide a basis for
approval as an ANDA or 505(b)(2) application because of what is already known about a
previously approved product), or 2) there are published reports of studies (other than those
‘conducted or sponsored by the applicant) or other publicly available data that independently |
would have been sufficient to support approval of the application, without reference to the
clinical investigation submitted in the application. For the purposes of this section, studies
comparing two products with the same ingredient(s) are considered to be bioavailability studies..

a) In light of previously approved applications, is a clinical ; : i !
finvestigation (either conducted by the applicant or available from HY s s INo
some other source, including the published literature) necessary to ! ' ) ’*
support approval of the application or supplement? ;

If "no," state the basis for your conclusion that a clinical trial is not necessary for approval
AND GO DIRECTLY TO SIGNATURE BLOCKS

Basis for conclusion: A .~

b) Did the applicant submit a list of published studies relevant to” | i
the safety and effectiveness of this drug product and a statement that !Yes '
the publicly available data would not independently support approval l'
of the application? i
' 1) If the answer to 2 b) is "yes," do you personally know of any
reason to disagree with the applicant's conclusion? If not applicable, |[Yes I
answer NO. , “
If yes, explain: . |

2) If the answer to 2 b) is "no," are you aware of published | i I P

http://cdemet/PMCC/Project%20Manager%20Resource%2OMa.../exclusivity%20checklist.ht 11/22/99




exclusivity checklist Section 3G Page 4 of 6
studies not conducted or sponsored by the applicant or other publicly | Ne | |
’avaxlable data that could independently demonstrate the safety and !Yes o i l

j i: '

effectiveness of this drug product?

If yes, explain:

| c) If the answers to (b)(1) and (b)(2) were both "no,” identify the clinical investigations
submitted in the application that are essential to the approval:

Investigation #1, Study #:/ % 02-D04Y s
Investigation #2, Study #{  in2 -0D3 o |

Investigation #3, Study #: | |

3. In addition to bemg essential, investigations must be "new" to support exclusivity. The
gagency interprets "new clinical investigation" to mean an investigation that 1) has not been

agency to demonstrate the effectiveness of a previcusly approved drug product, i.e., does not
rredemonstrate something the agency considers to have been demonstrated in an already
approved application.

irelied on by the agency to demonstrate the effectiveness of a previously approved drug for any
-lindication and 2) does not duplicate the results of another investigation that was relied on by the

telied on by the agency to demonstrate the effectiveness of a previously approved drug product?
(If the investigation was relied on only to support the safety of a previously approved drug,
answer "no."

a) For each investigation identified as "essential to the approval,” has the investigation been '

Investigation #1/ b2-00Y iYes No -~
Investigation #2| Jo3-023 iYes No v
Investigation #3 iYes | No

If you have answered "yes" for one or more investigations, identify each such
mvestleatlon and the NDA in which each was relied upon:

Investigation #1 -- NDA Number ' :

Investigation #2 -- NDA Number "

|

| Investigation #3 -- NDA Number - ;
{  b) For each investigation identified as "essential to the approval,” does the investigation
duplicate the results of another investigation that was relied on by the agency to support the
effectiveness of a previously approved drug product?

Investigation #1( .\0 2-00%f Yes | iNo :~—
Investigation #2\ _ )03-003 iYes | No | —
Investigation #3 'Yes | ‘No

If you have answered "yes" for one or more investigations, identify the NDA in whlch a

similar investigation was relied on:
‘ Investigation #1 -- NDA Number

Investigation #2 -- NDA Number

Investigation #3 -- NDA Number

i If the answers to 3(a) and 3(b) are no, identify each "new" investigation in the application
or supplement that is essential to the approval (i.e., the investigations listed in #2(c), less any

that are not "new"

{

Investigation #1( "\_()3-00% ' |
-L Investigation #2 | 03 -00 3 ' | 1

htto://cdernet/PMCC/Pro) ept%20Manager%20Resource%2OMa.../exclusivity%ZOchecklist.ht
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Investigation #3 I i
4. To be eligible for exclusivity, a new investigation that is essential to approval must also have
been conducted or sponsored by the applicant. An investigation was "conducted or sponsored
Iby" the applicant if, before or during the conduct of the investigation, 1) the applicant was the
sponsor of the IND named in the form FDA 1571 filed with the Agency, or 2) the applicant (or |
'its predecessor in interest) provided substantial support for the study. Ordinarily, substantial
isupport will mean providing 50 percent or more of the cost of the study.

! a. For each investigation identified-in response to question:3(c): if the investigation was

carried out under an IND, was the applicant identified on the FDA 1571 as the sponsor?

! Investigation #1{’ 103 - ooM IYes ! No , v

IND#{ ) - [ o

Explain: : I

! Investigation #2{ 103 -pp3 ‘Yes ! No v
IND#:: | ; l
Explain:

! Investigation #3 Yes No
E IND#: : .
; Explain:

. b. For each investigation not carried out under an IND or for which the applicant was not |
identified as the sponsor, did the applicant certify that it or the apphcant s predecessor in mterest'
Provxded substantial support for the study? '

. Investigation #  p2-c0Y iYes | No ' |

= \

T~ IND# — | |
Explain: '

; Investigation #2 -0 3-00 2 IYes + /™o k ;
! IND#: N - :
Explain: |

Investigation #3 ' [Yes | No | |
IND#: : i
Explain: . - : |

c. Notwithstanding an answer of "yes" to (a) or (b), are there other |
reasons to believe that the applicant should not be credited with

| i :
havmg “conducted or sponsored"” the study? (Purchased studies may IS | I h

http://cdernet/PMCC/Project%20Manager%20Resource%20Ma.../exclusivity%20checklist.ht
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mot be used as the basis for exclusivity. However, if all rights to the  [Yes
ldrug are purchased (not just studies on the drug), the applicant may be
considered to have sponsored or conducted the studxes sponsored or ‘
iconducted by its predecessor in interest.) i

If yes, ¢ explain:
\’/___J o O tentooat Wa/m«f"c“‘("/w‘ {-"—J?ﬂ"u’-ot'fq‘/\. | !

A

BACK TO TOP
|
4 a/ |
—mgdama“fpw:Zso
Date: 12,/5)?3
/S
/S v APPEARS THIS WAY
I | ON ORIGINAL

-

S*fgnature of Division Director

Date: \ )\\ (L\\(\:\
ATTRCHMENT

cc: :
Original NDA

Division File

HFD-93 Mary Ann Holovac

- Q

BACK TO TOP

APPEARS THIS WAY
ON ORIGINAL

http://cdemet/PMCC/Project%20Manager%2OResource%2OMa.../exclusivity%ZOchecklist.ht 11/22/99




Item 19: Other - 2

DEPARTMENT OF HEALTH AND HUMAN SERVICES Form Approved: OMB No. 0910-0396
Public Health Service Expiration Date: 3/31/02
Food and Drug Administration

CERTIFICATION: FINANCIAL INTERESTS AND
ARRANGEMENTS OF CLINICAL INVESTIGATORS

. TO BE COMPLETED BY APPLICANT

With respect to all covered clinical studies (or specific clinical studies tisted below (if appropriate)) submitted
in support of this application, | certify to one of the statements below as appropriate. | understand that this
certification is made in compliance with 21 CFR part 54 and that for the purposes of this statement, a clinical
investigator includes the spouse and each dependent child of the investigator as defined in 21 CFR 54.2(d).

| Please mark the upplicable checkbox. |

O (1) As the sponsor of the submitted studies, ! certify that | have not entered into any financial
arrangement with the fisted clinical investigators (enter names of clinical investigators below or attach
list of names to this form) whereby the value of compensation to the investigator could be affecied by
the outcome of the study as defined in 21 CFR 54.2(a). | also certify that each listed clinical
investigator required to disclose to the sponsor whether the investigator had a proprietary interest in
this product or a significant equity in the sponsor as defined in 21 CFR 54.2(b) did not disclose any
such interests. | further certify that no listed investigator was the recipient of significant payments of
other sorts as defined in 21 CFR 54.2(1).

Clinical Investigators

(2) As the applicant who is submitting a study or studies sponsored by a firm or party other than the
applicant, | certify that based on information obtained from the sponsor or from participating clinical
investigators, the listed clinical investigators (attach list of names to this form) did not panicipate in -
any financial arrangement with the sponsor of a covered study whereby the value of compensation to
the investigator for conducting the study could be affected by the outcome of the study (as defined in
21 CFR 54.2(a)); had no proprietary interest in this product or significant equity interest in the sponsor
of the covered study (as defined in 21 CFR 54.2(b)); and was not the recipient of significant payments
of other sorts (as defined in 21 CFR 54.2(f)).

[ (3) As the applicant who is submitting a study or studies sponsored by a firm or party other than the
applicant, | certity that | have acted with due diligence to obtain from the listed clinical investigators
(attach list of names) or from the sponsor the information required under 54.4 and it was not possible
to do so. The reason why this information could not be obtained is attached.

NAME TTIE
‘Robert L. Garmick, Ph.D. ' Vice President, Regulatory Affairs
FIRM/ORGANIZATION

Gerentech, Inc.

&GNATUFT;Z ,VL'&'/ //\j\ DATE ‘ /? /77

Paperwork Reduction Act Statement

An agency may not conduct or sponsor, and 8 person is not required to respond to, a collection of .

informavon unless i1 displays a currently valid OMB control rumber. Public reporting burden for this m[;r?f i?::nﬁ:;m Services

collecuon of information is estimated to average | hour per response, inchuding time for reviewing F 5 Room 14C-03

instrucnions, searching existing data sources, gathering and mainwdining the necessary da. and Rsmod:vi.luleﬂM. Duz‘coasv -

compleling and reviewing the collection of information. Send comments regarding this burden
esumaiz or any other aspect of this collkecuon of information to the address to the nght

Creard by Eincerran, Ucasmcw SarncesA NI €01 1ed) 34 LF

FORM FDA 3454 (3/99)

U.S. NDA: NUTROPIN DEPOT™—Genentech, Inc.

A m—ewva A~
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Item 19: Other - 3

e
k o

May 28, 1999

Robert Gamick, Ph.D.

Vice President, Regulatory Affairs
Genentech, Inc.

1 DNA Way

South San Francisco, CA 94080

RE: Financial Disclosure by Clinical Investigators for(::j03-004
- Dear Dr. Garnick:

We understand that Genentech, Inc. intends to subrmt\ T % Study NQED.'{-OOﬁl.
““A Phase III Multicenter, Open-Label Study of the Safety and | Efﬁcacy off - s hGH
Administered in Children with Growth Failure Due to Growth Hormone Deficiency™, in

‘ support 5f a New Drug Application for Nutropin Depol"'(rT’j hGH). Study
: {  :03-004 is considered a “covered clinical study” as defined under 2] CFR 54 since it -
will be relied upon to establish efficacy of Nutropin Depot. As such,; 1s required -
under 21 CFR 54 to supply a financial certification/disclosure staleme\‘Tor investigators
directly involved in the treatment or evaluation of research subjects for StudyL_ ,03- 004

‘As the sponsor of ~03 004, ccmﬁes that we have not entered into any

e e

value of compensation to the i investigator or subinvestigator could be affected by the
outcome of the study as defined in 21 CFR 54.2(a). . _also centifies that each listed
clinical investigator or subinvestigator has been required to o disclose to the sponsor whether
the investigator or submvem igator. had a proprietary interest in Nutropin Depot or a
significant equity in. ‘as defined in 21 CFR 54.2(b) and no such interests
were disclosed.: .. “further certifies that no listed investigator or subinvestigator was
the recipient of significant payments of other sorts as defined in 21 CFR 54.2(f). The
certifications set forth in this letter cover each clinical investigator and subinvestigator, and
then spouses and dependent children, as required by 21 CFR 54.

Attached plea.se find a cumulative.list of all investigators and subinvestigators who
participated in} . 103-004.

Sincerely, —

U.S. NDA: NUTROPIN DEPOT™—Genentech, Inc.

A TTRIT OO0

U ]
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